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INTRODUCTION 
INTRODUCTION 
Water i s t h e most impor tant s i n g l e requirement 
f o r t he growth of p l a n t . Crops can be r a i s e d successf tol ly 
i f water i s a v a i l a b l e i n adequate q u a n t i t y e i t h e r from 
r a i n or su r f ace flow or below groimd. I l a i n f a l l in most 
p a r t s of t h e coxmtry i s confined mainly to the fo\jr r a i n y 
months of June t o September. During t h e remaining months 
t h e water requi rements have to be met from ground or s u r -
ging i r r i g a t i o n for 
o r when r a i n s f a i l e d 
f ace water r e so \ j r ces . The need of appl 
r a i s i n g erops dijring non- ra iny p e r i o d s 
was f e l t even i n t h e d i s t a n t p a s t . A r i t i f i c i a l i r r i g a t i o n 
was p r a c t i s e d i n I nd i a a s f a r back as t h e fou r th millennium 
B.C. With t h e growth of popu la t i on and consequent need for 
l a r g e r ag r i cx i l t u r a l p r o d u c t i o n , t he r equ i remen t of i r r i g a -
t i o n has i nc r ea sed a g r e a t d e a l . I r r i / g a t i o n i s r e q u i r e d • 
n o t only in low r a i n g a l l a r e a s and dxiring non- ra iny season 
b u t a l s o dur ing long b reaks i n r a i n s i n good r a i n f a l l a r ea s 
Modern r e s e a r c h has h i g h l i g h t e d the importance of adequate 
s o i l moistiore dxoring t h e c r u c i a l s t a g e s of p l a n t growth and 
i n consequence of adequate f a c i l i t i e s . 
In olden days , water r e s o u r c e s were g e n e r a l l y 
p l e n t i f u l i n r e l a t i o n to man's n e e d s . I r r i g a t i o n was done 
in a manner t h a t d id no t t ake no te of i t s p o s s i b l e long 
range i l l e f f e c t s as t h e s e were h a r d l y unders tood . Severa l 
c i v i l i s a t i o n s came to g r i e f thro\Jgh the i l l e f f e c t s of 
u n s c i e n t i f i c use of i r r i g a t i o n s u p p l i e s or f a i l u r e of 
2. 
Several civilisations came to grief through the ill 
effects of unscientific use of irrigation supplies or 
failure of irrigation works through the slow process of 
geomorphorlogical change. For example, for want of proper 
drainage, irrigation led to high water table which in 
turn made the soil saline and infertile in some areas. 
Some diversion works faled bicause of the deepening of 
river channels due to erosion. Sediment filled up some t 
tanks and rendered them useless. But science and technology 
have made great progress in recent years in remedying some 
of the ill effects and these have to b^ fully bro\jght to 
bear on present day irrigation. 
WATER RESOURCES. 
It has been estimated that during the four rainy 
months of Jxme to September the Arabian Sea branch of the 
monsoon carries moistiore amoxAntlng to about 770 Mham and 
the Bay of Bengal branch about 3 ^ Mhaip of water. Of the 
• 
monsQon moisture about 25 to 30 per cent precipitates 
in the form of rainfall. During the remaining eight months 
of the year also, there is a substantial amount of moisture 
over the country. This, however, has not yet been scientifi-
cally assessed. It contributes a precipitation of the order 
of 100 Maham, a small part of it being in the form of snawfall 
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Rainfall in iie coimtry varies from place to place but 
the annual average for its total area of 328 Mham is about 
120 em. The average annual precipitation is thus of the 
order of 400 Mham million hectare metres. 
When rain falls, a portion o!f it soon evaporates 
from the ground or the vegetation thatj may that may inter-
cept it, a portion soaks into the ground and the rest flows 
away over land as runoff. When rainfall is very,light, it 
only moistures a few millimetres of top soil wuth nothing 
down or flowing over ground. The whole of it then rapidly 
evaporates from the surface. 
Of the portion of precipitation that soaks into 
ground a good deal is retained in the soil as soil moisture. 
Whatever is in excess of the water holding capacity of the 
soil infiltrates as groundwater to the groundwater reservoir. 
A major portion of the soil moisture is used by plants for 
transpiration and a small portion is dJpawn to the surface 
by capillary action and evaporates. Nature also stores some 
water in the form of snow on mountains which on melting 
feeds the streams that originate there^ i The snowfields thus 
act as reservoirs in the same way as the groundwater storage 
by hol&ding back water received from precipitation and 
releasing it gradually later. 
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Besides the oontribution to groundwater from 
ra in fa l l , there is a substantial contribution from i r r iga-
tion systems, part icularly in areas wi-th large scale i r r i -
gation. In the alluvial plains of North India, about h5% 
of the water that i s l e t in at the heacl of an imlined canal 
system is lo s t through seepage, of the remaining 5596 which 
reaches the f ie ld, another 1796 i s lo s t from the f i i l d i t se l f . 
Thus only about two-fifths of the water i s u t i l i sed there. 
In heavier so i l s , or where the channels are l ines , the loss 
is less» The water which seeps from most unlined channels, 
part icularly in the alluvial soil partly goes to moisten 
the adjoining land and partly percolates down to gro\jnd-
watef• table . Moistiore from this moistened land is dissipated 
through evaporation and transpirat ion. In addition to the 
groundwater recharge from rainfal l and i r r igat ion systems, 
there i s a significant contribution from inf i l t ra t ion from 
r ivers and streams dioring their high siages of flow. 
The water that inf i l t ra ted from ra in fa l l , i r r iga-
tion systems, r ivers , streams and drairtis, r i ses the ground-
water t ab le . There i t does not remain s t a t i c but moves throug 
the soi l l a t e r a l l y . A portion of i t extracted through wells, 
tuebwells, e tc . for i r r iga t ion and othe^r uses. A small amount 
also evaporates throiAgh capillary action where watertable is 
high. The res t flows back to the surface at lower elevation 
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in the form of spr ings , seepage, and regenerated flows 
in the r i v e r s and streams. The process i s slow and gradual . 
I f the annual contr ibut ion to groundwater reservoi r i s in 
excess of what i s u t i l i s e d or disposed of in the manner, 
the groundwater tab le i s r i s e s , and i f i t i s l e s s , the t ab le 
drops. Over a period the inflow and outflow tend to a t t a i n 
equi l ibr ium. 
As regards surface water, the t o t a l surface flows 
cons is t of d i rec t runoff from p r e c i p i t a t i o n , snowmelt and 
regenerated ^lows in s treams. The surfgtce water i s disposed 
of in three ways. Par t of i t i s s tores in reservois or i s 
u t i l i s e d d i rec t ly by diversion or pumping, pa r t disappears 
as perco la t ion from streams when grounplwater tab le i s below 
the stream surface and the r e s t finds i t s way to the sea . 
A por t ion of the water s to res in r e se rvo i r s i s l o s t through 
evaporation and a small amo\mt through leakage; the r e s t i s 
u t i l i s e d for various purposes, mainly i r r i g a t i o n . With the 
in te rven t ion in the na tura l water cycle by man, l i k e the 
construct ion of more p r o j e c t s , there w6\ild be a quan t i t a t ive 
in the varioios steps thro\Jigh which surface water passes . 
Ifore woiiLd be u t i l i s e d for i r r i g a t i o n and other purposes 
and there woiald be l e s s flowing down to the sea . 
6. 
TOTAL WATER RESOURCES 
At the beginning of the present century, the 
first Irrigation Conunission (1901—03) had placed the 
surface water resource at 144 million hectare for India 
of that time but excluded Burma, Assam and East Bengal. 
In the basinwise assessment of the Report of the Irriga-
tion Commission (1972), the surface water resoiirces of 
various river basins aggregate to 180 l%am. The basic 
surface water resources derived from precipitation amount 
to 115 Mham. To these are added 20 Mhara brought in from 
catchments lying outside the country. As regards ground-
water, the portion of the precipitation that goes into the 
soil of the order of 215 Miam. A portion of it, roughly 
estimated at 165 Mham is held as soil moisture and the 
remaining 50 Mham percolates to watertable. The soil mois-
ture is exuteedingly important for sustaining vegetation. But 
it can not be extracted for purposes of irrigation or 
other uses. Thus, the water that percolates to the water-
table may be regarded as the basic groundwater soijff'ce. The 
total annual basic water resoxarces of the country are thus 
185 Mham comprising 135 Mham of surface water resources and 
50 Mham of groundwater resources. There is interchange at 
various stages between the surface water and groundwater 
besides some circiolation. Both get augmented as a portion 
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of s u r f a c e water on use or o the rwise goes to groundwater 
and a s u b s t a n t i a l p o r t i o n of gro\andwater r eappea r s as 
sixrfface wa t e r . The p r e s e n t t o t a l gro\indwater i s thus of 
t h e o rder of 67 Mham of which 45 Mham r e g e n e r a t e s dur ing 
t h e non-monsoon p e r i o d as si jrface water b r i n g i n g the 
s u r f a c e water t o t a l t o 180 Mham. On f u l l development of 
water r e s o u r c e s , t h e t o t a l groundwater would i n c r e a s e to 
85 Mham and the su r face water to 185 Mham inc lud ing 45 Mham 
r e g e n e r a t e d from groundwater , 
UTILISABLE WATER RESOURCES. 
As a r e s u l t of c o n c e n t r a t i o n of r a i n in most 
p a r t s of t h e country dur ihg a few months of the y e a r , maxi-
mum r i v e r flows occur dur ing t h a t p e r i o d . During the non-
r a i n y months the r i v e r flows dwindle to a f r a c t i o n of t h e i r 
f l ood flows and some s t reams dry up a l t o g e t h e r . As r a i n y 
season flows can no t be f u l l y u t i l i s e d dur ing t h a t s h o r t 
p e r i o d , t h e waters have to be s t o r e d i n r e s e r v o i r s fo r 
r e g u l a t e d r e l e a s e for subsequent u s e . Large s t o r a g e r e s e r -
v p i r s can only be b u i l t i n the h i l l s bu t s u i t a b l e s i t e s 
f o r dams a r e l i m i t e d and in consequence on some major r i v e r s 
enough s t o r a g e capac i ty i s n o t a v a i l a b l e fo r completely 
h a r n e s s i n g f lows . Also , most i r r i g a t i o n p r o j e c t s in t h e 
country a r e designed fo r a dependab i l i t y of 75 per c e n t , 
which means t h a t i n 25 y e a r s in a hundred t h e r e i s sho r t age 
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of water and in 75 years there is some excess over the 
quantity planned for utilisation on the pro;5ect. Some 
flood flows, therefore, have to continue to go to the sea. 
This is not altogether a waste of water resource, as these 
flood flows help in river conservancy by flushing the water-
ways, keeping the river mouths open for navigation and 
preventing sea water intrusion further upstream. The Brahm-
putra valley in Assam is quite narrow having a mean width 
of only 90 kilometres. For the enormous size of the river, 
there is not enough land to utilise its water. Most of its 
water, therefore, has to flow down to Bangladesh and on to 
the Bay of Bengal. Similarly, because of their short length 
to the sea and the consequent constraint of paucity of land, 
the west flowing rivers south of the Tapi do not offer much 
scope for utilising their waters. Of the utilisable surface 
waters, the Ganga basin has the maximum potential followed 
by the Godavri and the Krishna. The Mahanadi is nother river 
which has considerable water available for use. For ensuring 
the utilisation a number of additional measures would be 
necessary. On rivers with large unutStD-ised flows, like the 
Ganga, more water should be used by diverting flood flow 
for irrigating crops during Kharif season which would also 
increase groundwater recharge. Also, greater recharge of 
aquifers can be secured along rivers and streams by depres-
sing the premonsoon groundwater table there through larger 
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exploitation of groimdwater. Wherever feasible, surplus 
waters in the river, such as in Brahmpmtra, the Ganga, and 
the West flowing rivers South of the Tapi, should be utili-
sed in other basins wher*e there is paucity of water. 
As regards groimdwater, the utilisable amount 
depends not oniy on the quantity of water available in an 
area but also its quality. The upper limit for exploiting 
groundwater would be the annual recharge including induced 
recharge reduced whatever is lost by evapotranspiration and 
subsurface runoff or is otherwise unutilisable. On expansion 
of irrigation with new projects there Would be more recharge 
due to seepage from canals and in spite of emphasis on 
lining irrigation channels, there would be a net increase 
in infiltration. In arid areas, groundwater is very valuable. 
In most situations, however, it is saline and in place un-
usable. With the new knowledge of plant physiology, soil 
science and modern irrigation techniques, it is possible to 
grow some selected crops with moderately saline water and 
secure reasonable yields. The available water resources in 
an area can be made to confer increased benefit through re-
use and recycling of water. For example, water received in 
a drain from an irrigation system can be used for irrigation 
in areas lower down or pumped back into the canal for reuse 
if suitable in quality. This is already being practised in 
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in certain rice areas ift Kashmir valley and can possibly 
"be adopted in flat rice areas elsewhere, say, in Kerala 
and Orissa. Using treated municipal waste water is especially 
attractive for irrigating certain crops on lands close to 
cities as the plant nutrients in the sewage water ensure 
good yields. 
WATER RESOURCES FOR IRRIGATION. 
Irrigation as at present practised in the 
country is somewhat extravagant in the use of water. It 
takes on an average 0.65 hectare metre of groundwater to 
irrigate a cropped hectare, and 0.90 hectare metre is the 
source is iurface water as conveyance losses are higher. 
The two together give an average of 0.8 hectare metre per 
cropped hectare. On this basis, the available water resource 
would suffice for irrigation about 90 million hectares. On 
many canals, however, the supply of water is inadequate 
and rops do not receive the required amount of irrigation, 
Vfhatever possible, water resources have first to be deployed 
to remove the deficiency. At the same time, on many irriga-
tion systems the present mode of utilisation of water is 
wasteful. On unlined canals in the alluvial tracts, only 
about two-fifths of water released at the canal head is uti-
lised by crops; the rest is lost in trsinsit and in the field. 
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Not all these losses can be eliminated^ but obviously 
there is scope for saving water. For this, lining of 
channels, propa"levelling of fields an^ the adoption of 
the most suitable mode of application df water to crops 
are important steps. The area which caifi be irrigated with 
a given quantity of water also depends on the cropping 
pattern. It is envisaged that with mor^ scientific and eco-
nomical use of water in future, the average water depth for 
irrigating cropped area will improve t0 about 0.70 metre. 
Taking the various factors into account, the ultimate irri-
gation potential, for purposes of abroad assessment, may be 
taken to be around 110 million hectares. This would be about 
52 per cent of the sown area of 210 million hectares expec-
ted in the arly part of the next century as indicated in the 
next section. In view of the inadequacy of water resources 
to meet the requirements, there is need for a great deal of 
efficiency and economy in water use. It may be noted that 
the liltimate irrigation potential of 110 million hectares 
now estimated is substantially more than the 81 million 
hectares indicated by the Irrigation Commission. That Com-
misiion had assumed a water depth for irrigation of 0.76 
metre based on existing cropping pattern against 0.70 metre 
which can be attained with the cropping; pattern suggested 
by us, A],so, the estimate of utilisable water resource now 
made is higher than that indicated by the Irrigation Commi-
ssion. 
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LAND RESOURCES FOR IRRIGATION 
Water and l a n d a r e amongst t h e most impor tant 
n a t u r a l resoiorces of t h e coun t ry . Any a p p r a i s a l of water 
r e s o u r c e s for a g r i c u l t u r e would be incomplete wi thout 
any examinat ion of equa l i ty , ex t en t and a v a i l a b i l i t y of 
l a n d to which i r r i g a t i o n can be a p p l i e d for the maximum 
b e n e f i t . I t i s d e a l t w i t h , he re to t h e e x t e n t i t i s r e l e -
van t t o t h e use of water r e s o u r c e s . With passage of t ime , 
as development t akes p l a c e in t h e v a r i o u s s e c t o r s of the 
economy t h e r e w i l l be a s h i f t i n p a t t e r n of l a n d u s e . 
However, bulk of t h e w i l l con t inue to be used for r a i s i n g 
c r o p s . In t h e p a s t , a good deal of foldest a r ea was d e f o r e s -
t e d and made a r a b l e . With the growth of poptolation and 
i n d u s t r i a l development, i n c r e a s i n g l y Large amount of a r a b l e 
a r e a w i l l be occupied by h a b i t a t i o n s , i n d u s t r i e s , roads 
and r a i l w a y s , e t c . This l o s s of a r a b l e a r e a coiild p o s s i b l y 
made good p a r t l y by r ec l a iming c i i l t u r i b l e waste and p a r t l y 
by reduc ing the amount of f a l low l a n d ; I t would a l so be 
p o s s i b l e to b r i ng under c u l t i v a t i o n sc^ me d e s e r t a reas by 
p rov id ing i r r i g a t i o n f a c i l i t i e s t h e r e as i s being done in 
Ra jas than wi th Rajas than Canal . 
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There is already some mijltiple cropping in unirrigated 
areas. This is expected to increase, though only to a 
small extent, due to soil moisture conservation measures 
and advancement in crop technology. The major increase 
in multiple cropping, however, will be in irrigated 
areas. But because of the total usable water resources 
being limited, the overall extent of m\iltiple cropping 
will also be limited, although in pockets of abundant 
water its percentage may be quite high. The intensity of 
cropping in irrigated areas would vary from State to State. 
The only areas where land wovild be constraint in the deve-
lopment of irrigation are the Brahmaputra valley, and the 
coastal areas along the Western Ghats, Elsewhere there is 
sufficient land to make full use of witer that can be 
harnessed, 
PAST DEVELOPMENT OF IRRIGATION, 
At the beginning of the I9th century, irrigation 
works included innumberable wells all over the country, a 
large number of tanks in South India and several inundation 
canals in North India. Between 1836 and 1866, four large 
irrigation works were constructed in the country namely the 
Upper Ganga Canal, the Upper Bari Doab Canal and the Krishna 
and Godavari delta systems. In those days irrigation works 
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were treated as commercial undertakings. But the great 
famine of 1876—78 gave the country a severe jolt. The 
First Famine Commission of 1880, set up in the wake of 
this catasrophe, emphasised the need for direct state 
initiative in the development of irrigation, particularly 
in the vulnerable areas. That year, a new category of 
unproductive works was introduced as a famine relief mea-
sure. No comprehensive plan of irrigation formulated. 
It was gain the tragedy of famines in 1897-98 and 1899-
1900 that led to the setting up of the first Irrigation 
Commission in 1901 to ascertain the utility of irrigation 
as a means of protection against famine, the extent of 
irrigation development and the scope for further irrigation 
works. There was a spurt in protective irrigation works 
in the first two decades of this century. The total capital 
outlay on these protective works increased sixfold while 
the overall outlay on irrigation works, protective and 
productive together, increased only about two fold.. 
The Bengal famine of 19^3 brought home the urgency of tak-
ing steps to face the recurring droughts and of increasing 
agricultural production. The grow more food (GMF) Campaign 
was launched the preceding year. It relied mainly on the 
development of minor irrigation works. At the time of parti-
tion in 1947, the net sown area in the coiontry was 116.8 Mhs 
15. 
Of this 28,2 Mha was irrigated. On partition, 18.3 Mha 
net sovm area, of which 8.8 Mha was irrigated land, went 
to Pakistan. Of the balance leflt with India, only 19.4 Mha 
was irrigated. It called for tremendous effot to make up 
the leeway and meet the requirements of the growing popu-
lation through irrigated agricultxire. 
A number of projects were soon taken up after 
independence, some of them quite large like the Bhakra-
Nangal, the Damodar Valley and the Hirakund. Nearly 80 cro-
res had already been spent on these projects before the 
First Plan in which many more projects, large and medium 
sized, were included. A number of new projects were taken 
up in eveiy succeeding plan. At the beginning of the Fourth 
Plan, the gross irrigated area from major and medium irri-
gation projects had risen from the pre-plan area of 9.7 Mha 
to 16.9 Mha. The Grow More Food Enquiry Committee recommen-
ded in 1952 that in view of the relatively short time it 
takes to construct them and utilise them fully, newminor 
irrigation schemes and repairing of the existing ones should 
be accorded a priority in the plan and funds earmarked for 
them. Construction of tubewells was an important item in the 
development programme. There has beoi an increasing stress 
on minor irrigation, the pace being stepped up from plan 
to plan. Irrigation works depreciate with passage of time. 
Reservoirs and tanks suffer a loss of capacity through 
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siltation, strainers of tubewells deteriorate and their 
discharge gets reduced and some of the open wells fall 
into disuse. The reduction in irrigation due to deprecia-
tionhas been less marked in the case of major and medium 
projects but has been substantial in the case of minor 
works. In the First Plan, of the total public sector expen-
diture, irrigation projects—major, medium and minor—had 
received relatively large share, amoun.ting to 18.7 per cent, 
primarily due to the requirements of a few giant irrigation 
projects which had already been committed. In subsequent 
plans, the share has ranged between 9.9 and 11.2 per cent 
of the total plan expenditure. But recognising the impor-
tance of irrigation and partic\iLarly that of minor irriga-
tion schanes, large amounts have been made available from 
institutional sources. 
GROUNDWATER 
The extent of groundwater varies from State to 
State. Generally, the alluvial tracts are rich and the 
hard rock areas of the peninsula poor in it. Owing to suf-
ficient data, a precise estimate of the country's ground-
water resources has not yet been made. The Central Ground-
water Board has, however, attempted a first approximation 
with the information and data so far available, and has 
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p l a c e d . i t a t 27.oo Mham, of which 0.25 Mham in the 
sa l ine areas i s considered unf i t for use . The needs and 
in consequence the p r i o r i t i e s for the development of 
groTJindwater resourcws vary from Sta te to S t a t e . In seve-
r a l reas with abimdant groundwater, in tens ive develop-
ment of i t i s taking place through various financing 
arrangements. There are also areas l i k e Coimbatore d i s -
t r i c t in Tamil Nadu, Mehsana d i s t r i c t in Gujarat, Ludhia»a 
d i s t r i c t in Punjab, where due to over explo i ta t ion water-
tab le has been f a l l i n g . In the coastal a reas , uncontrol led 
development of groundwater i s l i k e l y to r e s u l t in i r r eve r -
s i b l e sa l ine i n f e s t a t i o n s . All these areas ca l l for a 
speedy assessment of groundwater resoijrces so tha t these 
a re exploited in a planned manner without running the r i s k 
of adverse e f fec t s . The expenditure on suri^eys and inves-
t i g a t i o n s of groundwater i s only a small f rac t ion of the 
cost of i t s exp lo i ta t ion . I t i s important tha t these inves-
t i g a t i o n s should not be allowed to suffer for want of fxmds, 
In the fcbsence of an assessment of groundwater resources 
in a r i v e r basin or sub-basin, the prepara t ion of a master 
plan for the overal l development of i t s water resources 
would not be f ea s ib l e . In the hardrock a reas , water balance 
s tudies shoxjld be taken up immediately in a few se lec ted 
r i v e r basins of moderate s ize to evolve a methodology which 
could be applied to contiguous or analogous a reas . 
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OPEN WELLS 
Open wells have been in use in the country 
for irrigation from time immemorial. Their numbers increa-
sed as the cultibated area increased. Towards the end of 
the nineteenth century, 30 per cent of the total irriga-
tion in the country was from open wells, bulk of it in 
the groundwater-rich alluviat tracts. In the recent years, 
a number of factors gave fillip to open well construction. 
The earlier construction of these depended largely on a 
farmer's own initiative and financial resources, assisted 
to a limited extent by taccavi loans. The introduction of 
high yielding varieties, encouragement of multiple cropp-
ing, an incentive oriented price policy, whipped up in the 
cultivator the desire to have at his command an irrigation 
source from which he coxiLd water his crops at the right 
time and with the required quantity. To a cultivator1his 
freedom of choice of time and quantity is of immense value, 
This he can get only by owning the source, whether it is 
open well or tubewell. Easy credit facilities from insti-
tutional soiorces have helped the farmers a great deal in 
this matter. The rapid expansion of rural electrification 
which enabled the farmers to replace to a considerable 
extent, the less efficient man or animal operated water 
lifting devices, by electric pumps has given the programme 
of groundwater development a further push. 
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In areas where canal irrigation is introduced, some 
wells tend to go out of use no sooner the less expensive 
flow irrigation water becomes available. In many cases, 
the wells get restored on increase of intensity of crop-
ping for which canal water may tiot suffice. Except for 
Punjab and Haryana and possibly Tamil Nadu and Karnataka, 
in all the states more wells are operated with indigenous 
water lifting devices like Persian wheel, Charas. Moat, 
etc. than with pumps. In March 1969» there were about 
4.09 million wells operated with indigenous lifting devi-
ces in the country and 1,66 million with pumps. 
TUBEWELLS. 
By far the larger number of irrigation tube-
wells in the country are privately owned and tap shallow 
aquifers. The growth of private tubewqlls hasbeen parti-
cxilarly noteworthy from Third Plan onwards. This rapid 
expansion came in the wake of the spurt in the application 
of science and.technology to agriculture. The use of seeds 
of improved varieties, fertilisers, pesticides and scienti-
fic methods of cultivation give increased economic returns 
if timely and adequate irrigation supplies are available. 
Private tubewells provide these. The stepping up of the 
programme of rxiral electrification and the provision of 
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credit facilities have been the other contributory 
factors. Private tubewells have certain advantages over 
State tubewells, A farmer having made an investment on 
a tobewell feels deeply interested in making the maximum 
use of it. If nay part of the equipment goes out of order, 
he loses no time in getting it repaired. On State tubewells, 
on the other hand, there are at times inordinate delays in 
repairs due to departmental procedures and indifference on 
the part of tubewell operator. The consequences become se-
rious dioring periods of keen demand. State tubewells gene-
rally tap deep acquifers and give, on an average, a dis-
charge (>f about 135,000 litres per hour and cost about 
Rs. 1.5 lakhs excluding cost of electrification. The deep 
tubewells, because of the high cost involved and the skill 
and equipment required for them are best undertaken by the 
state; all other groundwater development should preferably 
be in private sector which would also provide the farmers 
with greater flexibility in the case of water. A recent 
innovation in Bihar is the low cost bamboo tubewell which 
irrigates 2 to 4 hectares. A larger number of these were 
installed in the district of Purnea and Saharsa and are 
reported to have given good performance for over 4 years. 
These tubewells are operated with mobile diesel pumps 
which are available on hire also. For rapid exploitation 
of groundwater where shallow aquifers exist, these low 
cost tubewells hold promise, but only where there are no 
interfering clayey layers. 
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The present groundwater development in the 
country is to a large extent uncontrolled. As a result 
there has been overpumping in several areas, creating 
serious problems. Overpumping results in permanent lower-
ing of the groundwater table. The progressive depression 
of the watertable leads to increasing pumping head, redu-
ced discharge and high costs making groundwater utilisa-
tion ultimately economic. In Coimbatore district in Tamil 
Nadu, where groxondwater is extracted from the rocky strata 
by constructing large open wells with bores made to tap 
water from waterbearing fissiires and crevices, farmers have 
been vying with each other in deepending these wells in an 
attempt to draw more water to their own wells. In a situa-
tion like this, the State must intervene and rationalise 
the extraction and distribution of the groundwater. In 
overexpldited areas, apart from restricting further exploi-
tation of groundwater for only domestic and industrial use, 
steps should be taken to recharge it by all practicable 
means. The legislation for regulating and controlling the 
use of groundwater is urgent in Stages where overexploita-
tion is already in evidence. With rising demand for the 
use of groundwater and its increasing exploitation, the 
question of right to it arises. In any groijndwater basin, 
the available groundwater, after allowing for non-agricul-
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tural requirements, shoxjld be deemed ito pertain to the 
land and each holding, weighted in respect of the quality 
of soil, should have a legitimate right to a proportionate 
share of the water. Therefore, if a farmer constructs a 
private tubewell which yields more water than the share 
of his holding, then it should be permissible for the far-
mers having contiguoiis hoi lings to avail of their share of 
tubewell water on payment of share cost. If surface water 
is available in the basin, that sould be accounted for in 
apportioning the shares. For making such an apportionment, 
it would be necessary to make an assessment of the water 
available in the basin, classify the land and lay down norms, 
The sharing c ,n be enforced in the same manner as canal 
water distribution is enforced through 'Warabandi'. 
CERTAIN POLICIES IN DEVELOPMENT OF WATER RESOURCES 
Comprehensive planning of use of water resources: 
In view of the complete inadequacy of water resources to 
meet the agricultural and otha? requirements of the future 
in many part of the country, it becomes a matter ofgreat 
national importance to conserve andutilise them most judi-
ciously and economically. There has to be proper planning 
for water use and this has to be related to a defined area 
or region. A river basin, and in the case of large rivers 
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a sub basin, is a natural imit for such plan, as it has 
a defined watershed boundry and within it there is an 
interrelationship between the s\irface and groundwater 
resources. The river basin plan should present a compre-
hensive outline of the development possibilities of the 
land and water resources of the basin, establish priori-
ties in respect of water use for various purposes, indicate 
the need for earmarking water for any specific pijrposes 
and indicate priority of projects. These plarE would require 
to be periodically reviewed and revised in the light of 
changing needs and availability as development advances. 
WATER USE FOR IRRIGATION. 
In most parts of the country water resources are 
insufficient to meet the irrigation requirement of the 
cultivated land. That being so, it becomes necessary to 
so utilise the available water in thefle areas to secure 
the maximum crop production per unit of water, extending 
at the same time the benefit of irrigation to as many 
farmers as is technically and economically feasible. This 
requires the adoption of the best technique of irrigating 
the fiild, minimising waste of water in storage and convey-
ance and adoption of cropping pattern which, taking into 
account the constraint of limited irrigation supplies, would 
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give the maximiM benef i t . The hard-core dourhgt areas 
comprising about 16 per cent of the t o t a l geographical 
area of the coimtry and having over 11 per cent of i t s 
population have a d i f ferent s e t of considerat ions in 
the use of the i r very scarce water resources . The r a i n -
f a l l i s very scanty, i t s year to year va r i a t ion i s more 
pronounced than elsewhere. Cat t le suffer most both for 
want of drinking water and fodder. People of the area 
already economically low down do not have the purchasing 
to buy sustenance from elsewhere. These conditions weigh 
in formulating the policy regarding the use of water in 
these a reas . Water should be u t i l i s e d for agr icu l ture and 
t h i s i s bes t done for growing wate r - th r i f ty crops and 
fodder for animal husbandry to secure the maximiim income 
per un i t of water. Also, the benefi t of i r r i g a t i o n has to 
be provided to as l a rge sect ion of the commionity as i s 
economically f ea s ib l e . This implies keeping the i r r i g a t i o n 
i n t e n s i t i e s low and t r ea t i ng the i r r i g a t i o n works as ' p ro-
t e c t i v e ' . Needless to say tha t moisture conservation prac-
t i c e s assume great importance in these a reas . I t has to be 
recognised tha t here i r r i g a t i o n with only loca l water r e -
soiorces must remain precarious and tha t dependable i r r iga-
t ion would be possible only with surface water brought in , 
even a t a s a c r i f i c e , from other basins which have be t t e r 
water resources . When i r r i g a t i o n water i s thus brought in , 
i t shoxjld serve complete blocks . The blocks should be 
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dispersed over a large area to benefit large niomber of 
farmers. It would be a good arrangement for farmers to 
have some irrigated and some unirrigated holding rather 
than a few having all the irrigated Istad. In these areas, 
fewer waterings can be given to crops than are required 
for maxim\im yields, but the depth of each watering should 
be sufficient to keep the salts, if any, down the soil 
profile. In most parts of the country crops can be raised 
without irrigation during the rainy season. But where 
rainfall is inadequate or erratic, yields are poor. If 
irrigation supplies are made available for timely sowing 
and making good the deficiency in rainfall, good yieldi 
can be secured. Often d\aring a prolonged break in rain, a 
small support from irrigation supplies makes all the dif-
ference between crop failure and its successful maturing. 
Irrigation supplies can go a long way if utilised to supp-
lement rain. In view of this, irrigation projects should 
be planned to irrigate maximum area during the rainy season 
by supplementing rain. Evaporation and transpiration los-
ses are lowest during the winter months and are highest 
during the four months of April to July. During the hot 
season, therefore, the use of irrigation supplies is less 
economic than in the rest of the year. It is, therefore, 
advantageous to bring as mueh arenas possible under irri-
gation during winter months or the eight months excluding 
hot weather. This aspect should be borne in mind in plan-
ning irrigation projects. 
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CONJUCTIYE USE OF SURFACE WATER AND GROUNDWATER. 
There are tracts in the country notably the Indo-
Gangetic valley, that are rich in both surface water and 
groundwater and it becomes a matter for consideration as 
to how best the two can be utilised for irrigation. Surface 
water is most susceptible to vagaries of rainfall than 
groundwater; the latter, in consequence, is more dependable. 
In most areas, s\irface water is more plentiful than ground-
water, but on many canals the supplies are erratic and in-
adequate. Far modern griculture with high value inputs, it 
is important that irrigation supplies should be adequate, 
timely and dependable. It is in this Context that supple-
mental irrigation with groundwater has been finding increas-
ing favour in existing canal areas. There are several ways 
in which the combihed use of surface and groiondwater can be 
made in canal commands. Groundwater can be fed into canals 
to augment their supplies, as has been in Haryana. It can 
be used directly for irrigation during periods of low canal 
supplies or canal closures, as also for Irrigating pockets 
in a canal command especially where the terrain is uneven. 
Tubewells for augmenting canal supplies have to be State 
owned since canals are State owned. Those for Irrigating 
high patches in canal command can be State owned or privately 
owned. But for supplemental irrigation in canal irrigated 
areas, groundwater is best exploited by farmers themselves 
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either by sinking private tubewells or installing pumps 
on open wells. Canal water charges, with few exceptions, 
are very low and cultivators find it gidvantageous to use 
canal water to the extent available, pay for it and save 
on pumping cost. In all canal command areas wherever sui-
table groundwater is available, farmers should be encoura-
ged to harness it by assisting them with credit facilities, 
technical advice where required, and in the actual execu-
tion of their schemes. There is ample economic justification 
for investment on groundwater in canal served areas and 
there should be an organised attempt to encourage it. In 
this connection, the existing restrictions in exploiting 
groundwater in the canal commanded areas shoixLd be reviewed 
with a view to relaxing them to the extent feasible in the 
interest of larger conjuctive use of surface water and ground 
water and increasing the scope of irrigation. There are 
several areas in the Indo-Gangetic plains and the red soil 
tracts of the peninsula where water may not be available in 
the rivers or streams for rabi irrigation but where kharif 
irrigation can be provided with rainy season- flows by 
constructing barrages and Kharif canal systems. Apart from 
giving a good Kharif crop, this irrigation would augment 
the groundwater in the area which can later be utilised 
for some Rabi irrigation through shallow tubewells and 
open wells. If the Kharif supplies are utilised for irri-
gating rice crop, the resulting groundwater charge would 
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be greater and more water would "be available for Rabi 
irrigation. This woiJild be a good con^ t^ ctive use of 
surface and groundwater. As no expensive storage dams 
would be involved in this arrangement^ the Kharif irri-
gation would be relatively inexpensiv^k Theeeonomics of 
this conjuctive use would, in most cashes, be quite sound. 
INVESTIGATION AND PROJEC^ FOfMULATION 
The scope of irrigation project is determined 
primarily by the quantity of water thikt is available for 
the purpose. To ascertain that, rainfi^l, river discharge 
and groiondwater data have to be compiled and analysed for 
a fairly long period, say, 30 years. Where observed data 
for a sufficiently long period are not available, the margin 
of error in project formulation is more. Considering the 
long period for which data are necessi^ry, it is important 
that sufficient observation stations should be set up with-
out loss of time in all river basins where these are inade-
quate. The investigation of an irrigation project have to 
be thorough and must not be abridged pr curtailed in an 
endeavour to produce a project report speedily. That can 
lead to infructuous expenditure and delays during construc-
tion. Also the best alternative might not get adopted in 
hurriedly command project with incomplete investigations. 
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It has to be borne in mind that it is not the date of 
commencement of a project but the date of accrual of 
benefits that is important. The cost of investigation 
of a project is only a small fractionof its construction 
cost. It is generally less than one per cent for a sto-
rage dam and less than five per cent for an irrigation 
system worked out in detail. Investigations, however, 
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take a faily long time. It is, therefore, important that 
a number of fiilly investigated projects should be kept 
ready to choose from to suit the availability of resources 
and fiJlfilment of other considerations. Reports on irri-
gation projects have been prepared in two parts, viz, engi 
neering works right from the storage or diversion works 
to water courses and including drains, and command area 
development. It is obvious that lanless the development of 
command areas is also completed, full benefits can not 
accure from the project, 
REDUCTION OF WATER LOSSES 
Lining of channels: The Interim Report on 
Modernising Irrigations Systems drew attention to the 
need and importance of lining channels to save water 
for extending irrigation, where economically feasible. 
It has been roughly estimated that a third to a half of 
the seepage water from channels gets absorbed in the top 
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layers of adjoining soil and is lost through evaporation 
and transpiration. Of the remaining quantity that reaches 
the groundwater table, only about 7096 can be dra-wn out 
locally. The rest regenerates itself elsewhere where it 
may and may not be utilised. Thus, only a third to a half 
of the seepage loss can be retrieved by pumping. Against 
this, in most cases lining would save about 80 per cent 
of the loss. The capital cost of pumping scheme would be 
about the same as, if not more than, that of lining chan-
nels to save that quantity of water. From consideration 
of cost and the quantity of water saved, lining is to be 
preferred. It is not always possible to provide lining to 
channels once these are opened for irrigation, particularly 
the larger ones carrying water for the greater part of the 
year. Lining of channels should, therefore, be considered 
at the project formulation stage, 
INTENSITY OF IRRIGATION AND CHANNEL DESIGN 
Intensity of irrigation is the sum total of the 
area irrigated under different crops in a year expressed 
as a percentage of the culturable command area. The inten-
sity which can be attained with a given quantum of water, 
depends on the diiration of the crops irrigated, the number 
of waterings given and the mode Application in the field. 
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Thus, a single long duration crop may require as much 
wa-ter as two crops of short duration. If the fields are 
level and well prepared, and irrigation is done in a 
most suitable manner, or if sprinkler irrigation is used, 
then with the same quantum of water, a larger area can 
be arrigated and higher intensity attained. The adoption 
of high intensity in a project makes it more compact by re-
ducing the command area and in consequence lowers the pro-
ject cost. The conveyance water losses are also reduced 
but if channels are lines, this does not remain a signifi-
cant factor. High intensities enable the farmer to drive 
the maximum economic benefit from his land provide continu-
ous gainful agricultural employment. The raising of more 
than one irrigated crop in any area leads to the better use 
of inputs like fertilisers and improved implements and also 
of residual soil moisture from the previoxis crop. Where area 
is limited and water ample, the adoption of high intensities 
is obvioiosly called for. But if the available water ±an 
physically serve a large command area other considerations 
arise. A high intensity of irrigatioti in such a case would 
benefit fewer farmers but in a large measure than otherwise 
and that would accentuate social disparity in the farming 
commionity. Here the higher irrigation intensity would not 
give any increased overall production as the gross irriga-
ted area would be determined by the available irrigation 
supplies and not irrigation intensity. The irrigation 
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intensities would vary from project to project and 
may range between 150 and 70 per cent on the basis 
of conductive use of surface and groundwater. Keep-
ing the intensity lower than about 70 per cent would 
affect the viability of small holdings. The basic con-
siderations in planning irrigation schemes have been 
the cropping pattern, the intensity of irrigation and 
the duty of water which connotes the relation between 
the area irrigated and the quantity of water required 
to irrigate it. But once the project is constructed 
there is hardly any enforcement of cropping pattern or 
irrigation intensities. These emerge from the farmer's 
choice of crops determined by his own requirements and 
the profit he can make, and circumscribed by the avail-
able irrigation supplies. In are with paucity of water 
resources it is inadvisable to grow waterintensive crops 
like rice. For example, in Haryana with overall shortage 
of water for irrigation, the increasing trend to grow 
rice is not right and needs to be checked, as with the 
same quantity of water a much larger area can be brought 
under other foodgrains thereby benefiting a large number 
of cultivators. Some change in the pattern of irrigated 
crops is warranted in several other States also. Irriga-
tion channels are designed on the basis of these concepts 
of croppint pattern, intensities and duties although dif-
ferent States use different methods and empirical norms. 
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It has to be appreciated that neither the value nor 
the requirement of irrigation is imiform during the 
growth period of a crop. The channel capacities have 
to be such as would meet the maximum water requirement 
of the dominant crop at any stage along with irrigation 
requirement of other crops that may be on the ground. 
The actual irrigation requirement in an area depefnds 
upon several factors, such as the type of soil, climate, 
contribution from effective rainfall, if any, crop type 
and its duration etc. These vary from project to project. 
Therefore, a uniform norm for channel design in a state 
cannot be a satisfactory basis. In the process of design-
ing, it may be discovered that due to an overlap in crops 
in the field for a short period it requires an unduly 
large channel capacity to meet the irrigation requirement 
during that period. Such a channel would be both unecono-
mic in cost and imsatisfactory in operation. The diffi-
culty can be overcome to a large extent by adopting a 
cropping pattern or crop varieties which would eliminate 
the overlap. 
34. 
PERSPECTIVE OF IRRIGATION DEVELOPMENT. 
In order to make t h e optimum use of the 
a v a i l a b l e water r e s o u r c e s , c e r t a i n p o l i c i e s w i l l need to 
be obsferved. B r i e f l y , t h e s e a r e : 
( i ) making the maximum use of r a i n f a l l for r a i s i n g 
c rops , u t i l i s i n g i r r i g a t i o n for making up d e f i -
c i e n c i e s ; 
( i i ) adopt ion of t h e most s ia i tab le cropping p a t t e r n 
from c o n s i d e r a t i o n of s o i l , c l ima te and a v a i l -
a b i l i t y of i r r i g a t i o n s u p p l i e s ; 
( i i i ) making t h e most e f f i c i e n t use of i r r i g a t i o n 
s u p p l i e s by minimising l o s s e s i n conveyance by 
l i n i n g and adopt ing s c i e n t i f i c method of i r r i -
g a t i o n on p r o p e r l y p repared f i e l d s ; 
( i v ) deployment of i r r i g a t i o n s u p p l i e s for maximum 
o v e r a l l p roduc t ion and no t n e c e s s a r i l y maximum 
y i e l d s ; 
(v) r e a a e of water to the ex t en t f e a s i b l e ; and 
( v i ) Conductive use of sur face water and groundwater . 
I t i s e s t ima ted t h a t with t h e above g u i d e - l i n e s , 
i t should be p o s s i b l e to u l t i m a t e l y i r r i g a t e about 110 
M i l l i o n h e c t a r e , t h a t i s , 52 per cent of t h e gross sown 
a r e a of 210 Mi l l i on h e c t a r e . 
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There is a wide disparity in the availability 
of water resources in the different states. The percen-
tage of gross sown area that can be iiltimately irrigated 
ranges between 17 per cent in Himachal Pradesh and 85 per 
cent in Punjab. On the basis of this percentage, the 
states can be classified into four groups as under: 
Group I less than 35 per cent Himachal Pradesh, 
Meghalaya, Maharashtra, Rajasthan, Madhya 
Pradesh, Gujarat. 
Group II between 35 and 50 per cent Tripura, 
Karnataka, Tamil Nadu, Nag aland and 
Union Territories. 
Group III between 50 and 65 per cent Andhra Pradesh, 
Manipur, Orissa, West Bengal and Haryana. 
Group IV 65 per cent and above Assam, Jammu and 
Kashmir, Kerala, Bihar, Punjab and Uttar 
Pradesh. 
States in Group IV and to a lesser extent those 
in Group III have a potential for good production. States 
in the Group I and to a smaller extent those in Group II 
have less protection from irrigation and would, therefore, 
continue to be exposed to the vagaries of weather. 
The development of groundwater has been quicker 
than that of the surface water and it should be possible 
to develop most of it by the year 2000. Beyond that period. 
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the pace of its development would be determined by the 
development of the surface water resources, as further 
increase in the groundwater resource would depend on 
increase infiltration from newiirrigation projects and 
other special measures that might be taken to augment it. 
As groundwater on being tapped gets quickly utilised, the 
present emphasis on its speedy development should be con-
tinued in future, ensuring at the same time replacement 
of wells that may go out of use. The scope for future 
development of surface water is almost twice that of ground-
water. Therefore, there should be no slackening of effort 
to develop surface water while doing more for exploiting 
groiindwater. This is particularly so major Irrigation sche-
mes have long gestation period and unless these are taken 
up early enough the desired pace of development can not be 
attained. In order to properly phase the programme of 
surface water development there should be a large number 
of f\iLlu investigated schemes ready to choose from. Also, 
once a scheme is taken up for implementation, the funds 
required to complete it in the shortest time as determined 
by technical considerations including availability of sur-
face material, should be fully provided. From this it 
follows that only as many projects should be taken up at 
a time as can be implemented at t eir optimLmi pace. 
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MODERNISATION OF EXISTING IRRIGATION 
SYSTEMS 
In r e c e n t y e a r s , t h e sc i ence and technology 
of a g r i c u l t i i r e has made r e v o l u t i o n a r y p rog re s s and given 
r i s e to new p a t t e r n s of demand for i npu t s amongst which 
i r r i g a t i o n i s impor tant one . These demands have to be 
met s a t i s f a c t o r i l y for optimum p r o d u c t i o n . Many of the 
o l d e r i r r i g a t i o n systems in the coun t ry , and even some 
of the more, r e c e n t ones , donnot meet t h e requi rements of 
modern a g r i c u l t u r e adequate ly and c a l l f o r modern i sa t ion . 
The I r r i g a t i o n Commission (1972) has d e a l t with a t some 
l e n g t h the ques t ion of improvement of e x i s t i n g i r r i g a t i o n 
systems in o rder to i n c r e a s e t h e i r e f f i c i e n c y and use f \ i l -
n e s s . I t has po in t ed ou t t h a t i n the r u n - o f - t h e - r i v e r 
schemes, which de r ive t h e i r supply of water s o l e l y from 
d i v e r s i o n works of r i v e r s , sho r t ages t h e exper ienced 
dur ing t h e low s t a t e of r i v e r flows which occur in summer 
in the p e n i n s u l a r r i v e r s and in win te r in the Indo-Gange-
t i c r i v e r s . The e a r l i e r i r r i g a t i o n systems of North Ind ia 
were des igned with low i n t e n s i t i e s and c u l t i v a t o r s given 
a sha re of water p r o p o r t i o n a t e to t h e i r ho ld ings in the 
command a r e a . They have n a t u r a l l y been apply ing water th in -
l y to i r r i g a t e as much a rea as f e a s i b l e . This mode of 
i r r i g a t i o n i s no t conduct ive to h igh y i e l d s , p a r t i c u l a r l y 
from high y i e l d i n g v a r i e t i e s . The I r r i g a t i o n Commission 
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has further pointed out that on many irrigation systems, 
the channel capacities are inadequate for meeting peak 
demands during crucial periods like transplanting of 
rice, Kor irrigation of Rabi crops, etc. Because of 
inadequate channels capacities, the period of irrigation 
during the crucial stages gets prolonged resulting in 
low yields. Tail reaches of canals suffer most from these 
inadequacies. In the plans, programmes for development 
of irrigation have been mainly in the shape of new irriga-
tion schemes. Some re-modeling of replacement of old and 
decrepit major engineering structures, like the Krishna 
Anicut in Andhra Pradesh and Sone Weir in Bihar has been 
done primarily to sageguard existing irrigation supplies. 
Also on certain canals, supplemental supplies have been 
provided through storage dams, transfer of water from 
another sub-basin, augmentation by tubewells or river 
pumping schemes. For example, in Uttar Pradesh the Ramganga 
storage reservoir will provide additional supplies to Lower 
Ganga Canal, the Sarda Sahaik Project will convey waters 
of the Ghaghara to tie lower portion of the Sarda Canal, 
and the Dalmau Pumping Scheme on the Ganga is providing 
water to the lower portion of the Sarda Canal System. A 
few old channels have also been lined to save on transit 
losses. All these efforts at improvement of existing canal 
system havebeen mainly in the field of engineering. 
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None of these systems have been reviewed comprehensively 
for improvement in all aspects covering engineering struc-
tiires for safety and better regiilation, augmentation of 
supplies in the system where deficient, efficiency in 
conveyance of water to the field, scientific application 
of waterto crops and adoption of cropping patterns which 
would confer the maximum benefit. Such reviews of the old 
and the earlier plan projects are called for in order to 
modernise them for better service to present day agriculture 
The irrigation policy in respect of project and prefably 
for the entire basin or sub-basin should be clearly laid 
down by Government, 
The various irrigation policies have been 
discussed" by the Irrigation Commission (1972) in its 
Report, The choice would be for deployment of irrigation 
supplies for 
(a) maximum production per unit of area; or 
(b) maximum production per unit of water; or 
(c) maximum area served. 
The reviews may ca l l for some experiments and observations. 
Al ternat ive cropping pa t t e rns and v a r i e t i e s may have to 
be f i e l d - t e s t e d before adoption. Soil analysis may become 
necessary i f adequate data on s o i l s in the command area 
are not ava i l ab le . Observations may become necessary to 
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determine percolation and seepage losses as also 
evapotranspiration losses during different seasons. These 
measures should be initiated early, so that a proper 
review of projects is not inordinately delayed. These 
tasks would need to be assigned for dompletion accord-
ing to a prescribed time-table. Whenever a newproject is 
formulated to make up the water deficiencies in an exist-
ing project or enlarge its scope, it is important that 
existing project should be carefully reviewed in all 
aspects and the required changes planned with the prepa-
ration of new schemes. In fact, there should be a compre-
hensive project formulation combining the old and new 
project. The cropping pattern on the old project , under 
the changed condition, should be carefully reviewed. 
Where channel capacities have to be increased to take supp-
lemental supplies, it would be a suitable occasion to 
line the channels if not already done, as lining in itself 
will provide substantial increase in capacity apart from 
conferring other benefits, 
ECONOMICS AND FINANCING OR IRRIGATION 
WORKS. 
Before independence, i r r i g a t i o n projects 
were requirissd to sa t i s fy a f inancial c r i t e r i o n for 
sanct ion . They had to be f inanc ia l ly viable and show 
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a profit. However, in the case of protective irrigation 
v^rks, which were few and far between, this requirement 
was relaxed. The earlier irrigation schemes were mostly 
diversion works for irrigating flat lands and were rela-
tively inexpensive. But many post-independence schemes 
had storage dams and channels in un dulating terrain and 
were in consequence more expensive. Some of these did not 
measiire up to the financiaT test. It was thus felt that 
the rigid application of the financial criterion was a 
discouraging factor in the development of irrigation. 
Moreover it was argued that apart from diredt irrigation 
revenues, substantial increase in revenues accrued to the 
Government under income-tax, excise duties, sales tax, 
transport etc. S:|:udies showed that the increase in revenues 
under heads other than irrigation was substan-^ial. Further, 
irrigation projects conferred several economic and social 
benefits. In agriculture, there were higher yields, better 
quality crops, double cropping and agricultural diversifi-
cation, processing industries were established, consumer 
industries expanded and retail trade transport and commu-
nication improved considerably. With the development of 
irrigation there were larger incomes and greater employ-
ment opportxmities in the rural economy. Thus the total 
benefit from the irrigation was much more than the direct 
financial return which accured to the Government from 
irrigation revenues. Before consideraing the merit of the 
benefit-cost ratio as a criterion for judging the merit 
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of an irrigation schone, it would be of interest to 
take note of certain conditions under which development 
of irrigation is done in the country. India is federal 
republic and the Constitution the primary responsibility 
for the development of water resources rests with States. 
Each State, therefore,- investigates, constructs and opera-
tes its irrigation projects. In the plans, the outlay for 
the development of irrigationis provided in the States' 
sector. In the complex tast of formulating five year plan 
the judgement as to how much outlay should be provided for 
irrigation and how much for other heads of development 
such as industry, power, health, education, etc., is based 
on a careful study of the sector needs and various cons-
traints of an overall nature. In arriving at intersectoral 
allocations the economic evaluation of individual irriga-
tion projects is not an overriding consideration. Increas-
ing agricultural production is a matter of great urgency 
and irrigation has a key role to play in it. In order to 
maximise the benefit of the irrigation projects within 
the limited financial resources availalSe priority has to 
be accorded to the most economical projects. The conomic 
criterion to be applied to irrigation projects has, thus, 
not only to provide a measure for accepting or rejecting 
a project but should also give a satisfactory means of 
comparing the relative economic worth of a number of 
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pro jec t s for f ixing t h e i r i n t e r se p r i o r i t i e s . 
This wDuLd require a change from the c r i t e r i o n of 
benef i t - cos t r a t i on current ly in use . The in te rna l 
r a t e of re tu rn c r i t e r i o n has widely been used by the 
In te rna t iona l Development Association in evaluating 
p ro jec t s posed for loans . This c r i t e r i o n being more 
sa t i s f ac to ry than the c r i t e r i o n of benef i t - cos t r a t i o 
i s recommended for adoption in fu ture . This departure 
from the recommendation made by the I r r i g a t i o n Commi-
ssion to continue with the use of the benef i t - cos t -
r a t i o c r i t e r i o n i s j u s t i f i a b l e in the l i g h t of further 
s c ru t iny . The cost estimates of i r r i g a t i o n projects do 
no t include the cost of a command area development for 
which separate estimates are prepared. Yet, the ful l 
benef i t s of an i r r i g a t i o n projec t can accrue only after 
land has been shaped and f i e l d channels and f i e ld drains 
have been constructed. The I r r i g a t i o n Commission has 
recommended tha t in making a economic appraisal of an 
i r r i g a t i o n scheme, the pro jec t cost and the cost of land-
shaping and of constructing f i e l d channels and f i e ld 
drains should a l l be taken into considerat ion. V/e ful ly 
agree with recommendation. 
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WATER RATES 
The giving up of the financial vialDility 
test for sanctioning irrigation projects has encouraged 
laxity in charging approriate water rates to keep the 
projects financially remunerative. This is evident from 
the fact that immediately after independence with the 
financial productivity test still in use, irrigation 
works in the coimtry as a whole, yielded a net annual 
profit over Rs. 1 carore after the meeting the cost of 
maintenance and interest charges. Now the irrigation and 
m\jltipurpose projects are incurring a tremendous loss. 
In 1971--72 for which figures are now available, it amoun-
ted to about Rs. 141 crores. There is a view that the 
provision of irrigation facilities should be regarded as 
a measure of social welfare and that irrigation rates 
should, therefore, be kept low. Farmers in drought affected 
areas shoiiLd also be charged normal irrigation rates. 
Wherever in drought affected areas irrigation has been 
introduced, the benefit of irrigation has been relatively 
more and farmers here have become as prosperous as their 
counterparts with similar facilities elsewhere. 
The irrigation rates have not been keeping 
pace with the rising prices and are exceedingly low. 
For example, during the two decades, 1953 to 1973, the 
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wholesale price of rice rose by 169 per cent, while 
no change was made in the water rates for this crop in 
Andhra Pradesh, Madhya Pradesh and Punjab, Rajasthan 
raised it only by 18 per cent, Karnataka by 16 per cent 
and Bihar by 8 per cent. Likewise during the period, the 
wholesale prices rose by 118 per cent, but the major wheat 
growing state of Pijnjab made no change in water rates. 
Rajasthan raised it only 5 per cent. There has been a 
marked disinclination to take \jnpopular but thoroughly 
justifiable measure of raising water rates to a proper 
level. As pointed out by the Irrigation Comrriission, the 
canal water rates in force for the two major irrigated 
crops, rice and wheat, range between 1.1 and 4.5 per cent 
of the'^iie of produce, which is very low, A large part 
of the irrigated area in the country receives irrigation 
from privately owned sources and the farmers concerned 
incur heavy expenditure on irrigating their crops. Some 
of them purchase water from owners of neighbouring tube-
wells or lift pumps at a price several times higher than 
canal rates and some even share upto a third of the pro-
duce in return of the water used. It is, thus, evident 
that the farmer realising the key role of irrigation 
amongst various inputs, is prepared to pay higher water 
charges and has the capacity to do so. There is, therefore, 
hardly any justification for keeping the rates so low as 
to cause a loss to the exchequer and a burden on the rest 
of the community. 
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The growing of a particular crop can be 
disco\jraged to some extent by fixing a higher rate for 
it. As water rates, even when fixed at an equal level, 
would constitute only a small fraction of the va-lue (if 
crop produced, their influence upon the choice of crop 
by the farmer can not be large. Punitive water rates, 
however can be effected in discouraging an undesirable 
crop. 
In a number of States, like Gujarat, Karnataka, 
Madhya Pradesh, Maharashtra and Tamil Nadu, an irrigation 
cess is charged on irrigable areas on canals in considera-
tion of irrigation facility having been provided at public 
expense. The cess is charged whether the farmer takes 
water in any season or not and is intended to cover the 
maintenance cost of irrigation works which have to be 
maintained in any case. A two part tariff, comprising a 
cess as mentioned above and a water rate which is fixed 
cropwise but allows credit for the cess, is useful in 
promoting the fiiLl use of irrigation supplies. For economy 
in the use of water, supnly by volume would obviously 
suggest itself. This mode of supply, however, is feasible 
only where an outlet supplies water to a single farm hold-
ingor at the most to a few farm holdings. But in India, as 
also in other countries with high population density, land 
holdings are relatively small and a single outlet serves 
lad of many farmers. In such a situation, the metering 
arrangement does not work for various reasons. 
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IRRIGATION ADMINISTRATION 
An irrigation project has to supply water 
for raising crops. Even if all the channels are cons-
tructed for the purpose and water is made available 
at the outlets, an irrigation project can not be consi-
dered complete unless water can be delivered satisfac-
torily to individual fields. Therefore, in an irrigation 
scheme, not only the storage, headworks and irrigation 
channels have to be constructed but also water courses, 
field channels and drains have to be provided and land 
levelling and shaping done. In the past, development of 
irrigation was considerably hampered due to delay in 
providing the latter for lack of proper co-ordination 
between construction of project and development of com-
manded area. The estimates for project construction and 
command area development are prepared separately and 
outlays are also provided separately. Soil conservation 
is another field of activity which has a great signifi-
cance in the development of water resources. It is the 
land use in the catchment area, whether ixnder forest, 
grass or cultivation, that detennines the extent to 
which the precipitation is disposed of by different pro-
cesses such as surface runoff, infiltration and evapot-
ranspiration. For example, infiltration of rainwater 
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into the soil under forest is usually greater than 
under any form of land use. Also forests have a great 
deal of reguliing effect on the pattern of stream 
flows. They reduce sediment load in rivers and moderate 
flood peaks. Properly managed grassland has similar 
effect. Arable land in catchments, unless cultivated 
properly, can contribute large amount of sediment and 
cause high flood flows. There are several instances in 
the Southern Part of Africa of storage dams, built in 
watersheds already cleared for agriculture, which were 
threatened first by sedimentation, then, as the intensive 
soil conservation programmes to reduce the sediment yields 
succeeded, by diminution of rumoff so much so that these 
reservoirs now rarely fill up. Thus a change in the land 
use pattern can considerably alter water resources of the 
catchment area, peak flows, sediment charge and theperiod 
and extent of dry season flows in streams. These are 
matters of great significance to those who are concerned 
with the development of water resources. The progressive 
effect of soil conservation measures and" iand use in 
catchments has to be carefully watched and evaluated. There 
is need for making regular observations on various impor-
tant streams not only of water flows but also of sediment 
flows. The latter are best observed at the various river 
guaging stations as common facilities can be used for both 
the purpose. 
49. 
NATIONAL WATER RESOURCES COUNCIL 
The Irrigation Commission (1972) recommended 
the setting up of a policy making organisation at the 
highest level to: 
(i) lay down broad technical, economic and financial 
policies in irrigation for the country as whole, 
in relation to inter-State rivers and river 
valleys; 
(ii) Suggest priorities for the accelerated develop-
ment of the water resources of each region and 
priorities for the Use of water; 
(iii) define possibilities of importing water from or 
exporting water to another basin, i.e. the transfer 
of water from surplus to deficit areas; 
(iv) evolve formulae to evaluate costs and benefits 
when sanctioning river basin projects; and 
(v) review basin plans prepared by river basin 
commissions, prior to sending these plans to 
the Union Government! and to the States, 
The Counci was to keep a watch on the working of river 
basin commission and problems of inter-state rivers and 
ensure formiolation of projects to conform to the highest 
national interests. 
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Some inter-basin transfers of water wo\jld 
be necessary for making the fullest and the best use 
of water resources in the country. Some interchange 
of water between two basins may be advantageous for 
reasons of economy and topography. Elsewhere surplus 
waters of a river may have to be taken to areas out-
side the basin. Even when water can be fully utilised 
withih the basin, a portion may have toe be spared for 
a nonriparian area because of greater need there. The 
existing laws do not provide for inter-basin transfer 
of water. While such transfers are best arranged through 
agreements and compacts, which may be facilitated by the 
proposed National Water Resources Council, disagreements 
can not be ruled out. Therefore, there has to be legal 
provision to meet such a situation. This would involve 
an amendment to the Constitution, 
MANAGEMENT OF IRRIGATION 
The construction and operation of major ard 
medium irrigation schemes are essentially the responsi-
bility of State Governments, The organisational arrange-
ments for these differ from State to State. In most States, 
the project estimates provide for the constructiom of all 
works up to outlets, main drains and watercourses. 
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Field channels and field drains are required to be 
constructed by the irrigators themselves, The Irrigation 
Department does not directly feel responsibility for the 
development of command area which is left to be done by 
other departments like Agriculture, Soil Conservation, 
Revenue, etc. The Irrigation Department, as the purveyor 
of irrigation supplies, has to have a deep interest in 
all measures which ensures the efficient conveyance of 
water from its source to the field and all steps that are 
necessary for its fair distribution and should, therefore, 
feel responsible for them. 
COMMAND AREA DEVELOPMENT 
An irrigation project shofild not be looked 
upon merely as a mens of providing water for irrigation 
crops. It in fact offers an opportunity to change over 
from the uncertain and often precarious rainfed cropp-
ing with low yields to scientific irrigated cropning 
making full use of technological developments In ittigated 
farming. It provides an occasion for reorganising the 
entire farming structure in the area for the maximum 
facility and benefit to the farmers. The steps to bring 
this about are many and have to be taken in a systematic 
and well organised manner. Irrigation water can be put 
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to a satisfactory productive use only if the command 
area is fully ready to receive the supplies. For this, 
the land has to be properly formed, fields preferably 
laid out in proper sizes, watercourses and field channels 
constructed to carry water to individual fields, field 
drains provided to remove unwanted water which may affect 
the crops, farm roads provided for easy access to field for 
transporting inputs and produce, and dispersed fields of 
individual farmers consolidated into one or two operational 
holdings. The scope and extent of these measures are influ-
enced by topography, nature of soil, pattern of ropping and 
the mode of irrigation. Besides the above measures, adequate 
and timely supply of inputs has to be ensured and marketing 
and other infrastructure facilities provided, so that the 
farmer is able to derive the maximum benefit from raising 
irrigated crops. 
After Independence, recognising the crucial 
importance of developing irrigation to increase crop pro-
duction, a large number of irrigation projects were taken 
in hand. Altogether in the First Plan there were 27 major 
and 240 medium projects under implementation. Many more 
were taken up in subsequent plans. These projects were 
considered and sanctioned in the manner of pre-Independence 
projects with no provision for command area development. 
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The estimates, however, included the cost of construction 
of watercourses in most cases. The Irrigation Department 
did not feel responsible for command area development 
which was regarded as the concern of other departments, 
such as Agriculture Department and Revenue Department and 
above all of the farmers themselves. The utilisation of 
irrigation supplies was consequently tardy. The irrigation 
projects were expected to take 10 years for full develop-
ment. The urgency of increasing agricultural production 
and the income and employment opportunities in the rural 
areas drew pointed attention to the importance of rapid 
command area development. In the Third Plan document cer-
tain meas\ires necessary for securing speedy benefits from 
irrigation projects were set down,,All the suggested steps 
were in the right direction but more were required. In the 
Fourth and Fifth Plans some special programmes of comimand 
area development were taken up. Projects, however, still 
continued to be prepared for engineering works alone and 
not in the comprehensive way, 
SOIL AND SOIL SURVEYS 
In formulating an irrigation project, amongst 
other things, an examination has to be made of the sui-
tability of the area for irrigating cropping, the long 
range behaviour of the soil under irrigation and the 
steps that wo\iLd be necessary for continued fertility 
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and good productivity of the soil. Besides climatic 
conditions, the texture and depth of the soil, its 
ingredients, salinity and alkalinity status, drainage 
condition, and the position of groundwater table, all 
go to determine the crops which would be suitable 
for the area and the mode and extent of irrigation to 
be applied to them. The depth and frequency of arriga-
tion are related to the nature of soil. The greater its 
water-holding capacity, the greater will be the irriga-
tion depth and in consequence the lower the irrigation 
frequency. The nature of soil,thus, has a great signifi-
cance both in fomulating and irrigation project and in 
operating it. 
LAND PREPARATION FOR IRRIGATION 
In North India, land development on nev/ projects 
hasnot been a serious problem as the soils there are easy 
to handle and the farmers already familiar with irrigated 
crop husbandry and eager to make use of canal watet, would 
set about preparing land to receive irrigation supplies 
without much assistance or pursuation. It is only on 
Rajasthan Canal Project that special arrangements have 
been necessary for levelling land in its extensive dune 
areas. In South India also wherever a project has been 
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c a r r i e d out t o i r r i g a t e e x i s t i n g r i c e a reas t h e u t i l i -
s a t i o n of water has tieen r a p i d . This has been remark-
ably so i n many p r o j e c t s i n Kerala S t a t e as l ands t h e r e 
were ready for i r r i g a t i o n . Elsewhere in the pen insu la 
a r ea wi th more clayey s o i l s t he development hasbeen 
slow and d i f f i c u l t p a r t i c u l a r l y where farmers did no t 
have p r e v i o u s exper ience of i r r i g a t e d crop husbandry. 
METHODS OF IRRIGATION 
Among t h e f a c t o r s t h a t determine the most 
s u i t a b l e method of i r r i g a t i o n in a p a r t i c u l a r s i t u a t i o n 
a r e t h e s lope of the l a n d , t he crops to be r a i s e d , t he 
r a t e of i f t f i l t r a t i o n and water hold ing capac i t y of the 
s o i l , and the ex t en t arf lnature of the a v a i l a b i l i t y of 
i r r i g a t i o n supp ly . The mode of i r r i g a t i o n shoiild ensure 
s u f f i c i e n t water to s a t i s f y the need of t h e p l a n t but 
n o t so much as to l e a d to waste and damage. The method 
or i r r i g a t i o n s e l e c t e d should conserve both s o i l and 
and w a t e r . I t may necessa ry to use more than one method 
or i r r i g a t i o n in a f i e l d each s u i t i n g a p a r t i c u l a r c rop . 
I r r i g a t i o n water can be ap-olied to a f i e l d 
e i t h e r by f looding thus we t t ing the e n t i r e land sur face 
or through furrows thereby we t t ing only a p a r t of the 
s u r f a c e . S p r i n k l e r i r r i g a t i o n which s i m u l a t e s r a i n f a l l or 
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drip i r r i g a t i o n v*iich moistures so i l aroiond individual 
p l a n s t s , are not s ign i f ican t in the context of command 
area development. For flood i r r i g a t i o n land i s preapred 
e i the r in border s t r i p s or check-basins. The border s t rops 
can be l a i d along the general slope of the f i e ld as graded 
borders or l a i d across the slope as contour borders . In 
check-basin method water i s applied to small , r e l a t i v e l y 
l eve l p lo t s into which a f i e l d i s divided. Furrows can be 
c l a s s i f i ed into 
(a) graded furrows when l a i d down the prevai l ing 
s lope, 
(b) l eve l furrows when fa i ly l eve l lengthwise,and 
(c) contour furrows when l a i d across a sloping 
f i e l d along i t s contours. For close growin? crops or 
crops sown by broadcast corrugation method of i r rga t ion 
i s sometime adopted. Corrugations are merely shallow 
closely spaced furrows and l i k e them can be graded, level 
or contour type, The s ign i f ican t difference between furrow 
and corrugation method of i r r i g a t i o n i s tha t in the l a t t e r 
case p lan ts need not be in a row along the corrugations 
which are usually formed af te r sowing but before the 
germination of seeds. 
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CHECK BASIN METHOD 
In check-basin method of irrigation, a field 
is divided into relatively small and fairly level plots 
and water is let into the individual plots fgom a field 
channel running along them. The plots called check basin 
are generally rectangular but need not be so and may 
follow the contours of the land surface. The size of 
ridges enclosing the basins depends upon the depth of 
water to be impounded and the stability of the soil when 
wet. This method of irrigation is particularly suitable 
for heavy soils as water has to be kept on them longer 
because of their, low rate of infiltration. Rice crop is 
mostly irrigated by this method. The method is useful 
also in leaching soils for removing excessive salts and 
is efficient in conserving rainwater and soil. 
FURROW IRRGIATION. 
Furrow irrigation is suitable for all rovr crops 
like maize, jowar, bajra, sugarcane, cotton, tobacco, 
groundnut, potato, vegetables and plantation crops. It 
is most suitable when the crops are sensitive to pounded 
water, like beans and potato, or susceptible to fungal 
root rot or root injury like sugarbeet, safflower and 
castor. 
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PERSPECTIVE OF COMMAND AREA DEVELOPMENT 
Land formation with well laid out water-
courses, field channels drains and farm roads is the 
very foundation on which the success of other measures 
and increased production rests. This highlights the 
importance of timely and proper implementation of land 
formation programmes. Even on completion of land forma-
tion work in a command area it takes sometime for farmers 
to make the fullest use of irrigation supplies particu-
larly >*here there is no previous experience of irrigated 
crop husbandry. 
If an undue lag in the utilisation of irriga-
tion supplies is to be avoided, then it is necessary to 
take up the land formation work in hand concurrently with 
the construction of irrigation channels. There is alread]/ 
a considerable backlog in command area development in the 
existing major and medium irrigation projects. At present, 
command area awaiting land formation work is of t>^ e order 
of 10 Million hectare including that where irrigation supp-
lies would become available in the next two to three 
years and which ought to be tackled now. Land formation 
work would need to be completed in about 30 Million hectare 
by the year 2000 and in about 49 Million hectare by the 
year 2025. Of course some of the land may not acquire any 
significance land grading or land shaping, but every command 
area would require most of the items of work necessary for 
getting it ready. 
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AIM. SCOPE AND METHODOLOGY 
AIM AND SCOPE; 
This study is an attempt to bring together 
material on all aspects of irrigation in the form of 
annotations. All significant literatijre that is avail-
able in the field of irrigation has been used. 
Part One deals with a general introduction 
to irrigation. 
Part Two, contains an annotated list of 
documents. 
Part Three has two indexes: author and title. 
METHODOLOGY; 
The procedure followed in preparing this 
bibliography was as follows: 
The secondary sources were consulted in Maulana 
Azad Library, Aligarh to determine the particular perio-
dicals in which the article had been published. These 
sources were: 
Index India (Rajasthan University, Jaipur) 
Guide to Indian Periodical Literature (Delhi 
Library Association). 
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The relevant bibliographical details were 
recorded on 5" X 7" cards follovang the ISI standards, 
except for the abbreviations of names of periodicals 
and months. The abbreviations were taken from the Guide 
to Indian Periodical Literature, -which is a popular 
secondary source. 
The primary sources were consulted in Maulana 
Azad Library, Aligarh; The Library of Indian Council of 
World Affairs, Sapru House, Delhi; and the Library of 
the Institute of Ecotiomic Growth, Delhi. 
The article were read and their annotations 
prepared. The annotations include the methodology adopted, 
results obtained and conslusions drawn. 
Subject headings were assigned and arranged in 
an alphabetical sequence. Each entry was given a number 
according to its place in the sequence. 
Finally, two separate alphabetical indexes were 
prepared: An Author and a Title Index, providing referende 
to each entry by its number. 
LIST OF PERIODICALS CONSULTED 
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Name of Periodicals^ Pe r iod ic i ty and P lace . Abbreviations 
1, Advance 
2. 
(q) 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Agricultural situation in India (m) 
Delhi. 
AICC Economic Review (f) New Delhi. 
ARDC News (q) 
Arthanti (q) Calcutta. 
Arthavijnana (q) Poena. 
Arthvikas (bi-a) Karl, Gujarat. 
Behavioural Sciences and Rural Development 
(bi-a) Hyderabad. 
Bhagirath (q) New Delhi. 
Commerce (w) Bombay. 
Cooperative News Digest (m) 
Agric Situt 
in India 
AICC Econ Rev 
Behavio^ jral 
Sci and Rural 
Devel 
Coop News 
Digest 
Development Digest (q) Washington, D.C. Devel Digest 
Development Policy and Administrative 
Review (bi-a; Jaipur, 
Eastern Economist (w) New Delhi. 
Economic Affairs (m) Calcutta. 
Devel Policy 
and Adm Rev 
Eastern Econ 
Econ Affairs 
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16, Economic and Political Weekly (w) 
Bombay. 
17, Economic Studies (m) Calcutta. 
18, Farmer and Parliament (m) New Delhi, 
Econ and Pol 
' ^ l y 
Econ S tud i e s 
Farmer and 
Par l i ament 
1 9 , Geographical Review of I n d i a (q) 
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ABBREVIATIONS USED 
bi-a = bi-annual 
m = monthly 
q = quarterly 
w = weekly 
Ap = Apr i l 
Ag = August 
De = December 
Fe = February 
Ja = January 
J e = J\jne 
Jl = July 
Mr = March 
My = May 
Nv = November 
Oc = October 
Se = September 
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IRRIGATION, BENEFITS, ADMINISTRATION. 
1. WADE (Robert). Administration and the 
distribution of irrigation benefits. 
Econ & Pol Wkly. 10, 4^45; 1975, Nv; 1. 
To assess the liklihood of big improvements in 
productivity as a result of irrigation and to be re-
assured that small farmers will, at least, not be made 
absolutely worse off. One must know about how irrigation 
officials at various levels make decisions, about sort 
of pressures that are brought to bear on them and their 
response to those pressures. And the article stresses 
that one must know too what decisions they do not make 
and the pressures which are not brought to bear on them, 
WEST BENGAL. 
2 , HOSE (Ajit Kumar). All-pervasive benef i t of 
i r r i g a t i o n . Jana ta . 32, 41; 1977, Nv, 27; 
13-5. 
The a r t i c l e deals with the benefi ts of i r r i g a t i o n 
t h a t include elimination of tinemployment, increase of 
purchasing power of the poor, and ag r i cu l tu ra l produc-
t ion and boost in non-agr icul tura l s ec to r . The author 
has taken West Bengal as an example, with population, 
income, work days and ag r i cu l tu ra l production as var ia -
b les to explain the a l l pervasive nature of benef i ts 
from irr igat ion. 
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CANAL, ADMINISTRATION, SOUTH INDIA. 
3. WADE (Robert). System of administrative and 
political corruption: Canal Irrigation in South 
India. J Devel Studies, 18, 3; 1982, Ap; 
287-321. 
The paper describes how some irrigation engineers 
raise vast amount of illicit revenue from the distribution 
of water and contracts, and re-distribute part to superior 
officers and politicians. It argues that the corruption 
system, which is centred on control of personnel transfers, 
is an important supply-side reason for poor performance of 
canal-irrigattdsiagricxjlture. It contributes to knowledge of 
canal irrigation systems in general as well as to illuminate 
more general feattares of Indian society ahd government. 
DEVELOPMENT, HARYANA, MEWAT. 
4. MALHOTRA (B C). Development of irrigation and 
drainage in Mewat. Haryana Rev. 15, 12; 1981, 
Mr-Ap; 26-27. 
A cyclic repetition of floods and droughts has 
always remained the bane of Mewat area because of its 
unique geographical features and location. The develop-
ment of canal irrigation and provision of adequate drai-
nage system will help to diminish the two hazards. 
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The a r t i c l e , w i t h the help of data, shows the pos i t ion in 
the a rea . Through the Gurgaon Canal system, the flood 
water can he used to augment i r r i g a t i o n . Conservation of 
ground water thro\jgh pro tec t ion htmds, for minor i r r i g a t i o n , 
i s another measure to develop i r r i g a t i o n and side by s ide 
to s treamline the drainage. 
MISMANAGEMENT. 
3. WADE (Robe r t ) , and CHAMBERS ( R o b e r t ) . Managing 
the main system: Canal i r r i g a t i o n ' s bl ind spot . 
Econ & Pol Wklv. 15, 39; 1980, Se, 27; A 107-112. 
I r r i g a t i o n wi l l continue to get very high p r i o r i t y 
in s t r a t e g i e s to increase food production and labo\jr 
absorption in agr icu l t t i re . But p lan t s for i r r i g a t i o n 
investment in South and Southeast Asia are being made with 
too l i t t l e a t t en t ion to diagnosing the causes of the gene-
r a l l y disappointing'ijerformance of l a r g e , publ ic ly-operated 
canal systems. One se t of causes, which i s argued in t h i s 
a r t i c l e are very important, are not considered. The remedies 
are hence unl ikely to have the effects expected of them. 
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RAJASTHAN, GANGANAGAR. 
6. ALEXSNDER (K C). A g r i c u l t u r a l development and 
s o c i a l t r a n s f o r m a t i o n . J Rural Develg 1 , 1 ; 
1982, J a ; 1-70. 
The o b j e c t i v e of t h i s s tudy was to unders tand t h e 
impact of economic development on s o c i a l s t r u c t u r e . I t was 
under taken in two a r e a s of Ganganagar, Ra ja s than , d i f f e r -
ing i n the l e v e l s of a g r i c u l t u r a l development. The s tudy 
was conducted in f i v e T e h s i l s , those wi th the l a r g e s t 
p e r c e n t a g e of cropped a r e a under i r r i g a t i o n — Ganganagar, 
Karanpur and Padampur and those vAiere i r r i g a t i o n was t h e 
l e a s t developed — Nauhar and Bhadra. I n t r o d u c t i o n of canal 
i r r i g a t i o n and r e s u l t a n t a g r i c u l t \ j r a l growth a l so l e d to 
modern isa t ion of b e l i e f s and v a l u e s . This proved to be p o t e n t 
enough to t ransform the ve ry c h a r a c t e r of a s o c i e t y . 
UNDER UTILIZATION. 
7 . SOLANKE (D A), SANGLE (G K) and CHOLE ( R R ) . 
F a c t o r s a s s o c i a t e d wi th i m d e r - u t l i z a t i o n of canal 
i r r i g a t i o n . Behavioura l Sc i and Rural Devel . 
2 , 1 ; 1979, J a ; 43-47 . 
This paper h i g h l i g h t s c e r t a i n f a c t o r s a s s o c i a t e d 
wi th t h e u n d e r - u t i l i z a t i o n of i r r i g a t i o n wa t e r , P roce -
dviral d e l a y s , non -accep tab l e d i s t r i b u t i o n p o l i c y , l a t e 
70 
a v a i l a b i l i t y of needed s u p p l i e s and e x i s t i n g b e l i e f s 
a r e c i t e d as t h e impor tan t c a u s e s . E f f o r t s t o c o - o r d i n a t e 
d i f f e r e n t agencies through p r o j e c t l e v e l c o - o r d i n a t i o n i s 
s u g g e s t e d . The water d i s t r i b u t i o n p o l i c y has to be ad jus t ed 
in the beginning t ak ing i n t o c o n s i d e r a t i o n t h e p r e f e r r e d 
cropping p a t t e r n . 
FACTORS, MAHARASHTRA, PRABHANI. 
8 , SONI (P L ) . U n d e r u t i l i s a t i o n of canal i r r i g a t i o n 
p o t e n t i a l . Kurukshe t ra , 15 , 1 1 ; 1967, Ag; 1 9 - 2 1 . 
This s tudy was done with t h e broad o b j e c t i v e of 
f i n d i n g ou t f a c t o r s r e s p o n s i b l e for u n d e r - u t i l i s a t i o n of 
cana l water i n t h e Prabhani d i s t r i c t of Maharasht ra . Two 
hundred respondents were in t e rv iewed from 15 v i l l a g e s . 
Ex ten t of i r r i g a t i o n water use by responden t - fa rmers was 
a s c e r t a i n e d with r e f e r e n c e to them cropping p a t t e r n , a r e a 
under each c rop , and l a n d u t i l i s a t i o n . 
This s tudy h i g h l i g h t s c e r t a i n impor tan t r easons a s s o -
c i a t e d wi th t h e u t i l i s a t i o n of i r r i g a t i o n wa te r . These reasons 
i n d i c a t e c e r t a i n p rocedura l d e l a y s , non -accep tab l e d i s t r i b u -
t i o n p o l i c y , l a t e a v a i l a b i l i t y of needed s u p p l i e s and ex is t ing 
b e l i e f s . E f fo r t s to c o - o r d i n a t e d i f f e r e n t agencies needed to 
be made to so lve t he se problems. This could be achieved 
through o b j e c t i v e l e v e l ©o-o rd ina t ion Committee. 
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CHECK-BASIN, EVALUATION. 
9. KATARIA (D P) and MICHAEL (A M). Evaluation 
of hydraulic characterstics influencing check-
basin irrigation design, Indian J Agric Sci, 
45, 1; 1975, Ja; 27-32. 
The hydraiiLics of flow in a check-basin may be 
considered to have four stages, initial spreading of the 
enterance stream to cover the full width of the basin 
and simultaneous advance of the irrigation stream , advance 
of water fron after initial spreading, rise of water level 
subsidence of water after the irrigation stream is stopped. 
In this article step by step procedures for evaluating the 
check-basin irrigation system have been indicated. The 
performance of the irrigation•system was evaluated by 
determining the efficiencies of water distribution and 
storage. By selecting proper sizes of irrigation stream 
and check-basins, a high level of irrigation efficiency 
coxild be obtained. 
COMMAND AREA DEVELOPMENT. 
10. MUKERJI (S P). Command area development: Its 
concept, conitraint and coijrse of action. 
Kurukshetra^ 26, 24; 1978, Se, 16; 4-10, 25. 
Two main objectives of Command area projects are 
12 
to reduce wastage of water through seepage and over-
irrigation, and to adopt the best cropping pattern. No 
scheme for optimization of the use of water for the 
most suitable cropping pattern can succeed unless 
there is a fixed schedxaling of distribution of water. 
The study of soil and drainage has been found essential 
in this context. The concept and programme of CAD projects 
are much more than a scientific management of land, water 
and crop. It involves a switch over from the management 
of an economy of scarcity to that of surplus. 
CHAMBAL, MADHYA PRADESH. 
11, SISODIA (J S). Changing face of Chambal Command 
area. Eastern Econ. 63, 23; 1974, De, 6; 1009-13. 
The main object of this article is to take stock 
of the changes that have taken place in the agricultiiral 
set-up of the Chambal Command area of Madhya Pradesh 
since the commencement of the Chambal Canal due to the 
availability of irrigation facility. The impact of irri-
gation on agriculture may thus be analysed in terms of 
land utilization and cropping pattern, yield levels of 
principal crops and other related aspects. Tables for 
irrigated area and cropping intensity for different dis-
tricts and for cropwise irrigated area have been given. 
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PLANNING. 
12. KXTHPHALIA (G N ) . A review of programme 
and future strategy. Kurukshetra. 26, 24; 
1978, Se, 16; 16-22. 
The article emphasises comprehensive reviewing of 
pre-plan aniearlier plan irrigation systems. This will 
help in the improvements in all aspects covering engine-
ering structures for safety and better regulation, aug-
mentation of supplies in the system where deficient, 
efficiency in conveying water to the fields, and scien-
tific application of wdter. Those components which will 
require special attention \jnder CAD programme in the Sixth 
Plan have been dealt with in detail. 
PROJECTS, ECONOMICS. 
13. RAO (P K) and PANT (N). On on-farm development. 
Bhagirath. 29, 3; 1982, Jl; 96-101. 
Amongst the important activities of command area 
development authorities are on-farm development, operation, 
maintenance and modernization of irrigation systems, evolv-
ing suitable cropping plans and water allocation rules, 
agricultioral extension services and co-ordination of work 
relating to major, medium and minor projects. The article 
deals with the historical background, the factors affecting 
7 / 
t h e p r o g r e s s of CAD, t h e f i n a n c i a l and economic a spec t s 
f o r t h e s e p r o j e c t s , and t h e o b s e r v a t i o n s t h a t emerged 
from t h i s s t u d y . 
ON-FARM DEVELOPMENT LAND-FORMATION. 
14 . REGE (N D) and CHAKRAVARTY (A K) . Need for p r e c i -
s i o n earth-work through power equipments i n i r r i g a t e d 
commands. ARDC News. 6, 1 ; 1977, Ap-Je; 10-19. 
I t i s r e a l i s e d t h a t command a r e a s of major and 
medium i r r i g a t i o n p r o j e c t s , could no t accrue f u l l b e n e f i t s 
of i r r i g a t i o n water which e i t h e r go t l o s t as seepage or 
was n o t used \miformly. Under the Command a rea development 
programme two d i s t i n c t o b j e c t i v e s a r e to be achieved — 
minimising seepage l o s s e s , and e f f i c i e n t use of wa te r . 
U n l e s s , l and- fo rma t ion i s t aken up s imul taneous ly along 
w i th o t h e r components of bn farm development ' , food 
p r o d u c t i o n t a r g e t s may n o t be reached as cropping i n t e n s i t y 
i s d i r e c t l y r e l a t e d to complete development. 
CO-OPERATIVES. 
1 5 . JAIN (J D) . I r r i g a t i o n c o - o p e r a t i v e s . 
Kurukshet ra . 15 , 1 1 ; 1967, Ag; 17 -8 . 
The p a s t two decades have wi tnessed t h e la \mching 
of b i g r i v e r v a l l e y , p r o j e c t s and a b i g expansion of t h e 
coimtry i r r i g a t i o n sys tem. But t h e s e p r o j e c t s and a l l 
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other schemes have accounted for only 36.5% of the 
usable volume of v a t e r . There i s s t i l l a considerable 
po t en t i a l for further development. Vast s\ims of money 
are spent on i r r i g a t i o n schemes. I t i s e s sen t i a l tha t 
a sound policy of water management and u t i l i s a t i o n 
should be evolved and implemented. I t i s in t h i s context 
t h a t i r r i g a t i o n co-operatives can play an important r o l e . 
The a r t i c l e b r i e f ly describes the advantages of such 
co-opera t ives , and de l inea tes aspects of i r r i g a t i o n in 
which i t wi l l be requi red . 
16. PATEL (S M). Need for es tab l i sh ing water 
co-operaMves in India . Indian Coop Rev^ 
12, 2; 1975, Oc; 55-69. 
Among a l l the a c t i v i t i e s leading towards 
development and u t i l i z a t i o n of i r r i g a t i o n p o t e n t i a l s , 
e f f i c i e n t management of i r r i g a t i o n water deserves the 
highest a t t en t ion while executing the i r r i g a t i o n pro-
j e c t s . For consumer s a t i s f a c t i o n and product iv i ty of 
water, the function of d i s t r i bu t i on of i r r i g a t i o n water, 
ava i lab le from the pro jec t s shoiild be handed over to the 
consximers' organisat ions l i k e ' I r r i g a t i o n water co-opera-
t i v e s ' . They wil l sa t i s fy the quanti ty of water avai lable 
to each farmer and the uncer ta in ty in i r r i g a t i o n wil l be 
avoided. 
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WORKING, ORGANIZATION. 
17. VISHWANATH. Cooperation in irrigation. 
Kurukshetra. 20, 20; 1972, Jl, 16; 9. 
In the post independence era co-operatives 
were formed for vario\JS piirposes, but no importance 
was given to irrigation co-operatives in India. These 
co-operatives have been organized mainly during the 
Second Plan Period, are supposed to adopt two methods 
to increase the area xinder irrigation. First by enhanc-
ing the irrigation facilities, and Second by utilizing 
_the available irrigation potential. In the 
present context, a review of their working and organi-
zation has been given. 
CROPPING INTENSITY, LABOUR UTILIZATION. 
18. VISHWANATH and AYODHYA PRASAD. Impact of 
irrigation on intensity of cropping and labo\jr 
utilization: Case study. Econ Affairs> 16, 12; 
1971, De; 543-8. 
It is believed that irrigation has positive effect 
on intensity of cropping as well as on labour utilization. 
But there have been very few studies which verify these 
facts. The study of one region may not be useful for ano-
ther region. Thus the need of regional studies about the 
impact of irrigation can not be over-emphasised and, 
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therefore, this study has heen. planned to see the 
effect of irrigation on intensity of cropping and 
labour use. The analysers indicate that the intensity 
of cropping dn irrigated farms is more than that on 
un-irrigated farms. The •mployment of human and bullock labotjr 
is also more on irrigated farms. 
PATTERN, MULTIPLE, CHANGES. 
19. BHATNAGAR (D S), Regional disparities in 
agrictatural growth. Kurukshetra. 27, 22; 
1979, Ag, 16; A-12. 
The study is primarily concerned with the 
directions of agricixltural growth, particularly the 
changes that have taken place in -tiie productivity of 
different crops and the changes in multiple cropping 
pattern. Irrigation is basic to the adoption of improved 
practices, such as high yielding varieties, fertilizer 
application and plant protection measures. It also helps 
multiple cropping. There is, therefore, a strong case 
for giving primacy to the needs of agriculturally backward 
states in the matter of expanding irrigation facilities. 
The analyses reveals a considerable scope for its expan-
sion in these states. -::!^^^^^^^^ 
Acc No .^;*'^  
7S 
NEWLY IRRIGATED AREAS. 
20. PATIL (Ram), Crop pattern in newly irrigated 
areas. Yo.jana. 11, 13; 1967, Jl, 9; 25-6. 
This article emphasises that advance research 
on size of holding, terminal system, rate of return on 
investment and supply of inputs and credit can help 
reduce the lag between building irrigation potential and 
its utilisation. The crop pattern in newly irrigated 
areas is determined by the water requirements and the 
value of crop out-put. Water needs have to be assessed 
in designing the canal and distributory capacities and 
the extent of area irrigated. 
WEST BENGAL. 
2 1 . CHAUDHRY (R R) and SENGUPTA (A K). Cropping 
p a t t e r n : Need of i r r i g a t i o n t r a c t s of West Bengal. 
Farmer and Parl iament. 11 , 11; 1967, Nv; 21-2, 26. 
A specia l fea ture of post-independent Indian 
ag r i cu l tu re i s the crea t ion of subs tan t i a l i r r i g a t i o n 
p o t e n t i a l . West Bengal has an i r r i g a t i o n po ten t i a l of 
3 mi l l ion ac res . I t i s served by Three River Valley 
Pro;jects. The farmer i s in a pos i t ion to take two or more 
crops on h i s land. This woxjld involve the development of 
a s u i t a b l e cropping pa t t e rn for I r r i g a t e d Command. The 
a r t i c l e poses questions connected with these developments 
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and sugges t s a proper crop sequence to r educe t h e gap 
between i r r i g a t i o n p o t e n t i a l and a c t u a l i r r i g a t i o n 
u t i l i z a t i o n , 
CROPS, COCONUT, BASIN METHODS. 
2 2 . SHANMUGHAM (K S ) . B e t t e r i r r i g a t e your co-conut 
pa lms . Ind ian Farming. 16, 7 ; 1966, Oc; 47-50. 
In most coconut growing c o u n t r i e s , coconut i s 
c u l t i v a t e d as a r a i n f e d c r o p . I r r i g a t i o n i s l i m i t e d to 
t h e f i r s t two or t h r e e y e a r s a f t e r t r a n s p l a n t a t i o n of 
seedl ings. L a t e r t h e p l a n t s a re l e f t to t h e m s e l v e s . The 
annual r a i n f a l l i n t h e impor tan t coconut growing reg ions 
r ange from 60 to 15 i n c h e s . The s a t i s f a c t o r y d i s t r i b u t i o h 
of r a i n through ou t t h e y e a r ensures success fu l c i i l t i v a t i o n . 
In I n d i a , i n t h e summers, l o s s of moistiare from s o i l s i s 
a c c e l e r a t e d and t h e r e i s an i n c r e a s e d r a t e of t r a n s p o r t a -
t i o n . The palms, t h e r e f o r e , need more water to recoxip t h e 
l o s s , ^he a r t i c l e d i s c u s s e s methods of i r r i g a t i o n fo r 
palm c i i l t i v a t i o n and sugges t s t h a t t he Basin i r r i g a t i o n 
i s t h e most s u i t a b l e and economical . 
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COTTON, YIELD DIFFERENTIALS, GUJARAT, CASE STUDY. 
23. PATEL (A S), Yield differentials in irrigated 
xmirrlgated areas: Case study of Deshi cotton 
in Gujarat. Artha Vikas. 15, 2; 1979, Jl-De; 
91-8. 
This paper analyses yield differential with respect 
to Deshi cotton in Gujarat "between irrigated and un-irriga-
ted areas and intrafarm . size group and inter-farm size 
group within irrigated and \m-irrigated areas. The analyses 
in the paper is based on five areas of Gujarat and seven 
areas of Saurashtra. In both regions the gap between yields 
of cotton in irrigated areas as also imirrigated were found 
to be wide. 
CROPS, IRRIGATED, NET PROFIT PER ACRE, U.P., AZAMGARH 
DOHARIGARH BLOCK. 
24. VISHWANATH. Comparative study of irrigated and 
un-irrigated crops in Doharigarh Block, Azamgarh 
(UP). Agric situation in India. 24, 2; I969, 
Ap; 19-26. 
This paper brings out the superiority in terms of 
net profits of irrigated over un-irrigated crops, on a 
comparative study of four major crops — paddy, Wheat, 
Barley, and Sugarcane. An estimate has been made to see 
the additioftal net profit per acre in irrigated over 
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un-irrigated crops. The author has given suggestions 
to satisfy the irrigational requirement of cultivators. 
SUGARCANE, U.P. 
2 5 . SHRIKHANDE (J G) and VERMA ( H P ) . When to 
i r r i g a t e Sugar-cane and how many t i m e s , I nd i an 
Farming. 9 , 6; 1959, Se ; 1 1 - 3 , 2 9 . 
Lack of s u f f i c i e n t water i n the sugar cane crop 
du r ing March t o J\ine and l a t e Atigust t o October reduces 
t h e y i e l d permanentLy. The Coimbatore v a r i e t i e s r e q u i r e 
more wa t e r . With t h i s f a c t o r i n view of r e s e a r c h was 
conducted a t va r ious r e s e a r c h s t a t i o n s i n U.P , on t h e 
problems of i r r i g a t i o n under vary ing c o n d i t i o n s . This 
a r t i c l e d e a l s wi th t h e r e s e a r c h f i n d i n g s i n t h e s t a t e 
and g ive s some d e t a i l s of t h e r e s u l t s of experiments 
conducted i n d i f f e r e n t p e r i o d s , 
TOBACCO, FLUE-CURED, ANDHRA PRADESH. 
26, WALUNJKAR (W G) and SINGH (A N). Effect of 
i r r i g a t i o n and ce r t a in manurial p r a c t i c e s on 
the y ie ld and qua l i ty of f lue-cured tobacco in 
A.P. Indian Agric Sc i . 37, 3; 1967, J e ; 
202-8. 
The y i e l d of f lue-cured tobacco depends not only 
on the quantlly of the produce but also on i t s qua l i ty . 
n 
Improvement in yield consistent with leaf qusCLity is 
essential for boosting up the production of flue-cured 
tobacco. In this paper efforts were made to evaluate 
the maximiM effects of various beneficial treatments, 
applied in suitable combinations, on the yield and 
quality of crop. 
DEVELOPMENT. 
27. RAO (K L). Irrigation record of 25 years. 
Yo.iana. 19, 1; 1975, Ja, 26; 71-4. 
India has the largest cultivated area in any 
Nation. In their magnitude and niimber there are not 
many in the world to compare with her irrigation projects, 
If India has more than doubled her food output since 
independence it is largely due to extended irrigation. 
Still her agriculture continue to be a gamble in rains. 
This is the most important question for the experts. 
Though India's achievements have been expressive, her 
basic approach to problem of water conservation and 
utilization has not conformed strictly to national prio-
rities. All major river projects must be treated as 
centres' responsibility and they should not be subjects 
of inter-state disputes. 
83 
28 , BARNALA (Siarjit Singh). New emphasis on 
agriCToltural production, Yo.jana, 22, 1 ; 
1978, J a , 26; 29-30, 
The a r t i c l e deals with the ways to increase 
a g r i c u l t u r a l product iv i ty and the cont ra in t s tha t ex i s t 
in achieving the ob jec t ives . Modernisation of agr icul t i i re 
y ie lded good r e s u l t s , A modern i r r i g a t i o n plan (major, 
medium and minor) wi l l have to he developed. This would 
imply follow-up of a l l on-going major and medium p r o j e c t s , 
i n t ens i f i ed ground-water development, in s t a t e s under 
l a r g e r ground water resources , development of command 
areas and speedy resolving of the i n t e r - s t a t e water 
d i spu tes , 
29 , CHARAN ( A S ) , I r r i g a t i o n development in India : 
Problems and prospec ts , Vishleshan, 5, 4; 
1979, De; 289-300. 
This paper attempts to examine growth pattern and 
problems of irrigation development during last 25 years 
of planning. The major role of irrigation in India is 
observed to be protective in nature, although the Govern-
ment has emphasised use of irrigation for both food and 
fibre crops to meet the increasing demand for them. An 
analysis of plan performance reveals wide gap between not 
only targets and achievements, but also between potential 
created and actual utilisation during plan period. 
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30. MAHESHWARI (K M). Irrigation. Yo.jana, 
24, 14 & 15; 1980, Ag, 15; 50-3. 
The classification of irrigation schemes into 
minor, medium and major helps to adjust the technical 
and administrative scrutiny of irrigation schemes accord-
ing to their magnititijde and complexity. The article shows 
that since the first plan period the total irrigated area 
increased in the successive plans. The important projects 
undertaken were mostly completed after independence. The 
Irrigation Commission drew attention to the importance of 
command area development for effective and efficient 
exploitation of irrigation potential created in the command 
area and to the planning of water resources. 
31. PATEL (C C). Record growth in irrigation. 
Yo.iana. 12, 19; 1978, Oc, 16; 9, 17. 
There is a trend towards less dependence on 
nature for raising a good crop. It is because of the 
growth of irrigation. A direct benefit of irrigation 
is that actual land use rises incrementally through 
miil:tl^ e cropping to sustain the vast agricxjltural 
population. This isclear from the employment being genera-
ted in areas brought xmder agriculture and irrigation 
programmes. In water scar city areas maximum production 
per unit of quantity of water should be the aim and 
diversification of cropping pattern is 'being emphasised. 
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ASSAM. 
32. SAIKIA (Anuva). Irrigation in Assam. 
Yo.iana, 22, 19; 1978, My, 16; 18. 
Assam is primarily an agricultural state. Still 
it occupies a comparatively lower position among the 
states in respects of irrigation production. Irrigation 
is one of the most important constraints. As Assam falls 
under a heavy rainfall zone, irrigation is not yet reciev-
ing its due importance. Under the five year plans irriga-
tion facilities composed mainly of medium and minor 
schemes. 
CONSTRAINTS, KARNATAKA. 
33. RAO (V M). Linking irrigation with development. 
Econ & Pol Wkly, 13, 24; 1978, Je; 993-7. 
It is common to look upon irrigation as a resource 
falling in the domain of technical experts. However, the 
success of a society in using a resource for development, 
partic\ilarly an elemental resource like irrigation, depends 
equally on the characterstics of the human factor and of 
the communities xmdergoing the process of change. The purpose 
of this note is to bring out some of these links between 
irrigation and development and suggest that the crucial 
constraints in the Indian cmse are likely to be institutional 
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and socio-economic in n a t u r e ; a l s o to p r e s e n t 
comparat ive i n d i c a t i o n s of t h e impact of d i f f e r e n t 
models of i r r i g a t i o n t ank , well and canal on 
t h e farms l o c a t e d in the r e l a t i v e l y homogeneous of 
Southern Maidan in Karna taka . 
HARYANA. 
34, GUPTA (S L). Geography of irrigation 
Haryana. Geogr Rev of India^ 32, 1; 
1970, Mr; 29-39. 
The inadequate annual average rainfall in 
Haryana results in poor cropping pattern. This can 
be transformed into high value pattern if irrigation 
facilities are extended. The existing irrigation faci-
lities are not sufficient and Haryana is consDicuous 
by the absence of tank irrigation. Canal and wells 
are important means of irrigation. >/ell irrigation is 
most significant in Karnal and least significant in 
Jind district. The future irrigation programmes are 
discussed in t'-is paper. The programmes are being 
pursued by the State Government with great interest. 
This will raise the irrigation potential of Haryana. 
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MAHARASHTRA. 
35. KHARE (MP). Growth of irrigation in Maharashtra. 
Artha Vi.jnana. 21, 2; 1979, Je; 153-98. 
The paper examines the grovgth of irrigated area, 
growth in different sources of irrigation and the area 
under different irrigated crops. It pays particular atten-
tion to area under irrigated foodgrains in view of the 
decline observed in the production of food grains over the 
period. The analysis is tmdertaken for individual districts 
so that one can probe into the possible reasons for the 
resultant state behaviour. 
36. IRRIGATION DEVELOPMENT in Maharashtra. 
Bhagirath. 27, 4; 1980, Oc-De; 162-4. 
Though Maharashtra has achieved substantial progress 
in the field of irrigation during the last two decades, com-
pared to the all India level of 25 percent irrigation much 
remains to be done. This article highlights the achievements 
dtiring the past two decades and indicates the steps being 
taken to explore the balance potential d\jring the next two 
decades. 
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37. DEUSKAR (V R) . Progress of i r r i g a t i o n works 
in Maharashtra. Kurijkshetra, 27, 5; 1978, De, 1; 
20-2. 
This a r t i c l e explains the break-through achieved 
« 
in the field of irrigation in Maharashtra. The extension 
of irrigation facilities was not easy because of the dif-
ficult terrain. Apart from increasing agricultural produc-
tion, development of irrigation provides tremendous employ-
ment opportunities. 
MANIPUR. 
58, GOPALKRISHNA (M H), Irrigation and flood control. 
Kurukshetra. 25, 20; 1977, Jl, 16; 12-3. 
The major component of the development programme 
of Manipur is irrigation and flood control. There has been 
considerable progress in this field. The surface water 
potential of all the rivers of the state, if harnessed 
suitably, will be more than adequate for providing irri-
gation facilities to all cultivable areas in the state. 
The article analysts the development programme in this 
context and refers to all the irrigation schemes that have 
been in operation in Manipur. 
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SUNJAB. 
39. GILL (K S) and GEORGE (M V). Assured irrigation: 
A solution to oiar flood problem. AICC Econ Rev* 
20, 12; 1969, Ja, 1; 20-4. 
This study seeks to examine the growth of irrigation 
facilities in the erst while Punjab state during 1950-51 to 
196^ 4-65 and the pattern of its distribution and utilization 
in different districts. This article will help to propose 
certain shifts in the pattern of irrigation between different 
regions so as to economise the use of water and to prevent 
water logging. 
AO, JHAKKAR (Balram). Irrigation network in Punjab. 
Eastern Econ. 63, 19; 1974, Nv, 8; 19-21. 
The author discusses the necessity of irrigation 
for sustaining the economy of Pimjab. The state became a 
deficit area in 1947 when a major part of it became a wing 
of Pakistan. Due to various political and socio-economic 
reasons, the major development of irrigation had been under-
taken by the British mainly in West Punjab, the portion now 
in Pakistan. In the years following the partition, a net-
work of new canals was contructed. Still the intensity of 
irrigation was low as it shares the waters of Sutlej, Beas 
and Ravi with Rajas than and Haryana. 
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SIXTH PLAN. 
41. SATYANARAYANAN (T V). Expanding irrigation 
facuities. Yojana, 26, 4; 1982, Mr, 1-15; 
16-7. 
The new 20-point programme gives highest prioiiLty 
to the extension of irrigation facilities. The importance 
given to irrigation in the plans has resiolted in stability 
in agricultural production. The article provides data of 
the total irrigation potential that has been created and 
of the increase that is envisaged by the end of Sixth 
Plan period thro^ lgh the major, medium and minor projects. 
Equal importance is given to the minor works and ground-
water development especially in the eastern region and 
parts of Eastern U.P., Bihar, Orissa and M.P. where there 
exists a large \mtapped ground-water potential. 
STRATEGIES, OLD IRRIGATION SYSTEMS, TAMIL NADU. 
42. VEDANAYAGAM (P K). Modernising irrigation. 
Kurxikshetra. 27, 11; 1979, Mr, 1; 14-15. 
In view of the limited scope for new schemes, 
modernization of the old irrigation systems and also those 
schemes taken up in earlier plan periods, will be one of 
the main strategies for development of Irrigation in Tamil-
Nadu in the coming years. Modernization schemes will help 
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to conserve water and iiaprove functioning of the irriga-
tions systems. In all the cases the benefit may not stand 
the test of benefit cost ratio. In states like Tamil Nadu 
where the siirface water potential has been fully utilised 
relaxation of this test will become necessary. 
DISPUTED RIVER WATER, CAUVERY. 
43. BENJAMIN (N). Cauvery waters dispute. 
Econ and Pol Wkly, 6, 34; 1971, Ag, 21 ; 
1794-5. 
The article deals with the dispute over use of 
water for irrigation between Tamil Nadu, ftysore, and 
Kerala. It gives the historical background of the dispute 
and the complications that are arising owing to political 
factors. 
GANGA. 
44. AIYAR (Swaminathan S). The truth about Farakka. 
Eastern Econ. 75, 11; 1980, Se, 12; 630-4. 
The article deals with the disputes between India 
and Bangladesh on the sharing of Ganges waters. The dispute 
has led to increasing quantities of water flowing into Bay 
of Bengal and consequently a large acreage of land left 
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u n i r r i g a t e d . There can be no greater waste of a valuable 
soiorce. Water must be used as far as poss ib le for i r r i g a -
t ion and power. Unfortunately, n e i t tier s ide i s in te res ted 
in a cos t -benef i t ana ly s i s . 
NARMADA. 
4 5 . RAO (P V) . Narmada d i s p u t e . Mainstream, 
8 , 7 ; 1969, Oc, 18 ; 13-14. 
The d i s p u t e over Narmada w a t e r s , between M.P. 
and Gujarat and Maharashtra has r e su l t ed in the wastage 
of r i v e r water. The r i v e r i s allowed to flow un t i l i z ed 
while vas t t r a c t s of l ands , both in M,P. and Gujarat 
remains parched for want of i r r i g a t i o n . Chronic drought 
condit ions prevai l ifa Seven d i s t r i c t s in the Narmada Basin 
area i t s e l f . The a r t i c l e deals with the points of dispute 
and the recommendations of the Khosla Commission, The 
a r t i c l e contains data regarding the land in acres which 
needs water. 
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ECONOMICS. 
46 . CLARK ( C o l i n ) , Economics of i r r i g a t i o n , 
I n d i a n J a g r i c Econ. 19 , 3 & 4 ; 1964, J I T D B ; 
2 5 - 3 2 . 
The paper has touched upon t h e water requ i rements 
of p l a n t s , g ross and n e t marginal r e t u r n s of each m of 
water a p p l i e d i n i r r i g a t i o n , t h e c o s t s of i r r i g a t i o n , 
dam and wel l i r r i g a t i o n , v a r i o u s m*thods of r a i s i n g water 
from a water t a b l e of n i n e meters dep th , c a p i t a l c o s t s of 
water s t o r a g e and p r e s e n t and p o t e n t i a l u t i l i z a t i o n of 
I n d i a n r i v e r s and charges of wa te r , which a r e o f t en wel l 
below c o s t . 
DRIPIRRIG, ARID AND SEMI-ARID AREAS. 
4 7 . PANJAB SINGH, Economic a s p e c t s of d r i p 
i r r i g a t i o n systean. Inven t ion I n t e l l i g e n c e # 
1 3 , 2 ; 1978, Fe ; 59-64 . 
The d r i p i r r i g a t i o n method co\iLd b r i n g about a 
b reak - th rough i n agricxoltxiral p roduc t ion of a r i d and 
s e m i - a r i d a r e a s . High i n i t i a l i n s t a l l a t i o n c o s t , non-
a v a i l a b l i t y of ready-made sys tems, and l a c k of awareness 
of r e c e n t t e c h n o l o g i c a l advances a r e t h e major l i m i t i n g 
f a c t o r s i n i t s f a s t adopt ion by f a rmer s . The author recom-
mends l a r g e s c a l e eng inee r ing of t h i s system along with 
agronomic man*pulations of p l a n t i n g and o t h e r systems to 
34 
EXPANSION, SIXTH PLAN. 
48. ROY (Shyamal). Irrigation development under 
India's New Plan (1978-83) — An appraisal. 
Agric Situation Indladia. 34, 5; 1979 Ag; 
303-7. 
The new plan has emphasised the need for a rapid 
expansion of irrigated area as an important pre-requisite 
for achieving food self-sufficiency. Certain economic and 
institutional obstacles will have to be overcome before 
the plan target of growth can be said to be capable of 
achievement. For major and medium irrigation, more empha-
sis is needed of efficiency of water use through improve-
ments in the existing system. In minor irrigation, several 
problems need to be resolved particularly those arising 
out of rural electricity, small size of holdings and low 
returns from irrigation. 
EXTENSION, PUBLIC INVESTMENT. 
49» SAINI (G R). Choice of inputs in agriculture: 
Study of social profitability of irrigation and 
fertilisers. Agric Situation in India. 37, 5; 
1982, Ag; 289-95. 
The paper examines the social choice between 
alternative strategies based on two of the most important 
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i n p u t s i n a g r i c u l t u r e , t h a t i s , i r r i g a t i o n and f e r t i l i s e r . 
The o b j e c t i v e of t h e a n a l y s i s i s t o throw up t h e evidence 
which may p rov ide guidance for an a p p r o p r i a t e i n - p u t based 
s t r a t e g y for a g r i c u l t u r a l development and a p o l i c y fo r 
p u b l i c investment i n i r r i g a t i o n and f e r t i l i s e r s . The r e s u l t s 
show t h a t t h e r e i s a s t r o n g case fo r p u b l i c i nves tma i t i n 
ex tending i r r i g a t i o n to u n - i r r i g a t e d a r e a s r a t h e r than 
c o n c e n t r a t i n g on i n t e n s i f y i n g t h e use of modern i npu t s i n 
a r e a s which a l r eady have assured i r r i g a t i o n f a c i l i t i e s . 
FARM DEVELOPMENT, TRIBAL, GfUJARAT, VULSAD, BANSDA. 
50 . PATEL (A R) and PATEL (B N) . P lan fo r t r i b a l 
fa rming. Kurukshe t ra . 24, 6; 1980, Ap, 1 ; 
5 - 7 . 
Bansda Taluka i n Vulsad d i s t r i c t of Gujarat i s one 
of t h e most soc io-economica l ly backward a r ea s i n the country . 
I t i s most ly i n h a b i t e d by t r i b a l s . The problems, conf ront ing 
t h e development of t h e t r i b a l s , have no t been so s imp le . The 
Bank of Baroda formula ted a comprehensive t r i b a l farm deve-
lopment scheme vrfiich envisaged t h e need fo r i r r i g a t i o n from 
a common sou rce , l i k e a l i f t i r r i g a t i o n system i n t s t a l l e d 
on t h e Kaveri and o the r i n p u t s l i k e seeds and f e t i l i s e r s . 
The l a t t e r p a r t of t h e a r t i c l e d i s c u s s e s i r r i g a t e d farming, 
which he lp s farmers s h i f t t h e i r t r a d i t i o n a l way to m u l t i p l e 
c ropp ing . 
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IMPROVEMENT, A.P., WARANGAL. 
51. REDDY (A Sudershan) and RAMAIAH (P). 
Improving tribal agriciJlture. Kur\jkshetra, 
30, 12; 1982, Mr; 16-21. 
The paper attempts to measure the impact of 
irrigation and fertilizers on agriciJltural productivity 
at the farm level. The study is confined to Warangal 
district in A.P. The tribal population is mainly concen-
trated in Eturnagaram, Mulugu and Gudur taluks. 
The study clearly indicates that the yield 
potential of land is exploited to some extent by the 
provision of irrigation and supply of fertilizers. The 
yield effects of these two inputs were considerably high. 
But compared to other general yields at other places, 
where high yielding variety seeds are used, the yield 
rates in the area are low. 
FINANCE. 
52. BALESH¥ARNATH, Planning for irrigation. 
Yo.iana. 9, 26; I966, Ja, 22; 5-6. 
In planning irrigation, the article lays stress 
on allotment of funds to schemes in their order of merit 
on all-India basis, instead of allowing each state to 
take up its own schemes, major, medium or minor. It would 
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seem expedient to reorient the thinking in respect 
of irrigated agricultiore so as to impart to it an 
industrial out-look. A high level agro-irrigational 
probe is suggested into the problem of getting the 
best from our irrigated agricultxire. This will improve 
irrigational efficiency both operational and financial. 
53. MISRA (S D ) . Irrigation and food production. 
Kurukshetra. 13, 10; 1965, Jl; 18-20. 
Of all the factors that affect agricultural 
output irrigation is the pivot around which the national 
economy revolves. The article discusses the irrigation 
potential, the funds required for making this facility 
available and how the plans have dealt with this agri-
cultural input and the position of the states regarding 
the potential and finances. 
TAMIL NADU, TIRUNELVELI. 
54, LUDDEN (David). Patronage and irrigation in 
Tamil Nadu: Long term view, Indian Econ and 
Soc Hist Rev. 16, 3; 1979, Jl-Se; 347-365. 
This paper deals with the structure and dynamics 
of irrigation finance in Tamil Nadu, using data from 
Q 8 
Tiruhelveli district to illuminate important details. 
Three levels of scale and technology are considered 
and the years of irrigation development in Tirionelveli 
are scanned. It focusses on traditional technology and 
institutions. Then the attention is centred on British 
period, examining the ramification govts' rapid growth 
into a bureaucratic pattern bf irrigation constructions 
and repairs. 
A review of modern trends in Tamil Nadu irriga-
tion is made* 
FINANCIAL OUTLAYS, DISTRIBUTION. 
55. KRISHNA MOHAN (P) and KRISHNA MOHAN RAO (L). 
Inequalities in irrigation potential and their 
effect on agricultural production. Southern 
Econ. 20, 23; 1982, Ap, 1; 14-6. 
The vulnerability of Indian agriculture to the 
vagaries of the monseons makes it necessary to accord 
a high priority for irrigation under the plans. It is 
necessary to reduce the glaring iiibalances in irrigation 
facilities among the different regions, That is one way 
of reducing poverty in backward regions. 
The article contains tables to show outlays on 
development or irrigation potential, regional distribu-
tion of outlays statewise and distribution of irrigation 
potential statewise. 
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FURROW, MANAGEMENT. 
56. CHANDRASHEKHARAN (D) and SIVAPPAN (R K). 
Shape criterion for saving water in furrow 
irrigation. Kisan World. 4, 9; 1977, 
Se; 2A-6. 
Owing to water saving, uniformity of water 
application and consequent higher irrigation efficiency, 
furrow irrigation is widely used for row crops. By apply-
ing proper management technique such as the adoption of 
certain furrow shapes, deep percolation loss of irrigation 
water can be minimised. In this paper, based on theoretical 
consideration, a criterion for an hydraxolically efficient 
fxirrow section with minimum percolation loss is suggested. 
GROUNDWATER. 
57. CHANDRASEKHARAN (D) and SIVANAPPAN (R K). 
Augmentation of groundwater potential. 
Kisan World. 5, 11; 1978, Nv; 1^5. 
The demand for water can not be met if the 
recharging plenitude of the groundwater acquifers 
are not artificially escalated. It is essential to have 
legal contrbl for the methodical and systematic utili-
zation. 
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PROJECTS, U.P . 
5 8 . REDDY (N S r i Ram), Development of underground 
resoxi rces . Farmer and P a r l i a m e n t , 1 1 , 7 ; 
1967, J l ; 9 -10 . 
The a r t i c l e dea l s wi th t h e p o s s i b i l i t y of under-
t a k i n g under-ground-water p r o j e c t s i n Bihar and U.P.The 
budget does n o t propose t o t a k e up any new major i r r i g a -
t i o n p r o j e c t s . But t h e importance of minor i r r i g a t i o n 
has been r e a l i s e d s u f f i c i e n U y ; The format ion of a c e n t r a l 
o r g a n i s a t i o n fo r t app ing under-gro\jnd water for a g r i c u l t u -
r a l purposes i s sugges ted by t h e a u t h o r . 
QUALITY, RAJASTHAN. 
5 9 . MEHTA (K M), PUNTAMKAR (S S ) , SETH (S P) and 
SHARMA (0 P ) . Qua l i t y of under-ground water 
and i t s p o s s i b l e u t i l i z a t i o n f o r crop p roduc t ion 
i n Western Ra jas than . Ind ian J Agric S c i . AO, 9 ; 
1970, Se ; 176-81 . 
In Ra jas than , under-ground water i s s t i l l a major 
soxirce of i r r i g a t i o n . As t h e r e i s no p e r e n n i a l r i v e r or 
cana l system and t h e c l i m a t e i s a r i d , under-ground water 
i s b r a c k i s h and i t s u se produces s a l i n e and a l k a l i n e l a n d s 
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I t i s neces sa ry to know t h e q u a l i t y of water and n a t u r e 
of s o i l be fo re i r r i g a t i o n , so t h a t water can be u t i l i s e d 
wi th o u t i t damaging t h e s o i l s . With t h i s o b j e c t i n view, 
samples of under-ground water were c o l l e c t e d from Western 
Rajas than and were ana lysed to determine t h e i r q u a l i t y . 
RESOURCES, ESTIMATION. 
60 . NAEGAMVALA ( j P) and VARADAN (N S ) . I n t e r -
r e l a t i o n s h i p i n t h e e s t ima t ion and u t i l i s a t i o n 
of siorface water and ground-water r e s o u r c e s . 
I r r i g a t i o n and Power. 29, 3 ; 1972, J l ; 
281-93 . 
In t h i s paper , an a t t empt has been made to 
i d e n t i f y t h e i n t e r - r e l a t i o n s h i p between s u r f a c e water 
and groxmd wate r , to o u t - l i n e a methodology for the 
e s t i m a t i o n of ground water component based on t h i s 
i n t e r - r e l a t i o n s h i p and i n d i c a t e c e r t a i n s a l i e n t f e a t u r e s 
of t h i s i n t e r - r e l a t i o n s h i p use fu l for t h e development 
and u t i l i s a t i o n of t h e water- resoiarces of t h e c o u n t r y . 
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EXPLORATION. 
6 1 . PATHAK (B D)• Exploration and explo i ta t ion of 
ground water with special reference to recharge. 
Nat Geogr J . of Ind ia . , 2h; 1978, Se-De; 
49-54. 
The contr ibution of ground water to I n d i a ' s 
i r r i g a t i o n i s 40%. The r e s t of the sown land depends on 
seasonal r a i n f a l l or on impoijnded water which are subjec-
ted to the vagaries of na tu re . The surface and the ground-
water bot are being used and conJxanctiYe use prac t ices 
are being carr ied out to meet the en t i r e i r r i g a t i o n demand. 
The a r t i c l e has discussed the occurence of ground-water 
reso\arces, the ground-water exploration being done in dif-
ferent pa r t s of the country, tha t i s the Hydrogeological 
Survey; exploi ta t ion of grotmd-water t h a t has been done for 
i r r i g a t i o n purposes. A r t i f i c i a l measures for ground-water 
re-charge have assumed grea t importance. 
M.P., BASTAR, INDRAVATI BASIN. 
62. ADYALKAR (P G) and RADHAKRISHNA (T S). Ground-
water possibilities in the Indravati Basin of 
Bastar District, M.P. Indian J Power & River 
Valley Devel. 22, 11; 1972, Ja; 19-21. 
It has been observed that the association of 
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carbona te rocks and s h a l e s wi th t h e mantle of l a t e r ! t e 
and the depth of weather ing promotes ground-water c i r -
cxjlation i n t h e sha l lower zones . The I n d r a v a t i r i v e r i n 
gene ra l e f f l u e n t , bu t i n f l u e n t -only l o c a l l y near the o l d 
r i v e r c o u r s e s . The q u a l i t y of ground-water i s wi th in t h e 
p e r m i s s i b l e l i m i t s fo r i r r i g a t i o n . A t l h i s s t a g e the au thor 
recommends small to meditua s c a l e ground-water development 
i n t h e a r e a s to augment t h e l o c a l water supply to meet the gro> 
ing needs of ag r i cu l tx i re as a l s o of water supply to t h e 
r e h a b i l i t a t i o n co lon i e s of Dandakaranya. 
RESOURCE, PLANNING. 
63» ADYALKAR (P G). Harness ground-water too fo r 
green r e v o l u t i o n . Coop News D i g e s t . 24, 9 ; 
1973, Se ; U l - 3 . 
I n d i a i s very r i c h i n both su r face and ground-
water r e s o u r c e s . For ach iev ing the b e s t r e s u l t s i n 
agr icTJ l tu ra l a c t i v i t i e s i t i s necessa ry to o r i e n t t h e 
a p p l i c a t i o n of both for i r r i g a t i o n a l purposes on a 
w e l l - p l a n n e d s c i e n t i f i c b a s i s . In t h e absence of such 
p lann ing i t w i l l r e s \ i l t i n making adverse e f f e c t s both 
on water r e s o u r c e s and t h e s o i l s . Hencei t i s very n e c e s -
sa ry fo r a farmer to know t h e va r ious a s p e c t s of p lanned 
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a p p l i c a t i o n of waters such as proper c o n s t r u c t i o n 
of w e l l s p r e v a i l i n g c l i m a t i c c o n d i t i o n s , q u a l i t y of 
the water a p p l i e d , n a t u r e of s o i l s , f i n e and the 
q u a n t i t a t i v e a p p l i c a t i o n of water and proper r e g u l a -
t i o n and e f f e c t i v e conse rva t ion of w a t e r s . 
SOUTH INDIA, SEMI ARID REGION. 
6 4 . SUBRAHMANYAM (V P) anti SASTRY (C V S ) . 
C l ima t i c a p p r a i s a l of t he groundwater 
p o t e n t i a l of t he s e m i - a r i d r eg ion of 
South I n d i a . Geogr Rev of I n d i a . 33, 2; 
1971, J e ; 8 1 - 6 . 
According to Thorn thwa i t e ' s scheme of c l i m a t i c 
c l a s s i f i c a t i o n , t h e semi -a r id r eg ions belong to the dry-
ca tegory of t h e major groups of c l i m a t e s , s i nce t he se 
dry c l ima te s normally exper ience pronounced water 
d e f i c i e n c i e s both on an annual fo r a g r i c u l t u r a l deve-
lopment wi thout adequate f a c i l i t i e s fo r supplemental 
i r r i g a t i o n . Employing t h e 1955 Water Balance Procedure 
of Thorn thwai te , t he water p o t e n t i a l of t h e s emi -a r id 
r e g i o n of South I n d i a i s examined in d e t a i l in t h i s 
p a p e r . 
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UTILIZATION. 
65. DHAWAN (B D). India's ground water resources. 
Econ & Pol Wkly. 12, 13; 1977, Mr, 26; A18-20. 
Firm estimates of ground water potential of India 
are laking at present. In appraising ground water resources, 
it is imperative that a clear distinction be made between 
stock and flow dimension. From the stock view point, ground-
water is probably an immense resource in India. But, judged 
from the flow angle, it is a bountiful resource only in the 
Eastern Gangetic plains. Prudence requires utilisation of 
ground-water resource at a long run annual rate of no more 
than annual accretion to ground water stock. Excess with-
drawal is permissible only in areas prone to water logging. 
UTTAR PRADESH. 
66. DHAWAN (B D). Under utilization of ground water 
resources: A case study of East U.P. Econ & Pol 
Wkly. 15, 39; 1980, Se, 27; A113-22. 
East U.P. is an important plains region of the 
vast Gangetic basin that is known for its water resources, 
both surface and below groxjnd. Its ground water potential 
is rich, adequate for year round multiple cropping in the 
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r e g i o n . At p r e s e n t , b a r e l y t w o - f i f t h s of t h e ground-
water p o t e n t i a l has been tapped and t w o - t h i r d s of t h e 
cropping i s done under t h e i r r i g a t e d c o n d i t i o n . This 
paper reviews p a s t and p r e s e n t t r e n d s i n ground i r r i g a -
t i o n (Sec t i on 1 ) , ana lyses small and l a r g e f a rmer s ' 
p r e f e r e n c e s among v a r i o u s types of we l l s (Sec t i on 11) 
and i n t h e l a s t s e c t i o n cons ide r s t h e f a c t o r s t h a t p r o -
mote or impede t h e e x p l o i t a t i o n of ground-water resoxjrces . 
TAMIL NADU, COIMBATORE. 
6 7 . SIVANAPPAN (R K). Groimd water p o s i t i o n in 
c r i t i c a l a r e a s . Kisan World. 9 , 1 1 ; 1982, Nv; 
19 -20 . 
There a r e c r i t i c a l a r e a s i n many s t a t e s where 
t h e e x t r a c t i o n of ground water i s more than r e - c h a r g e . 
This i s p a r t i c u l a r l y t r u e of ha rd - rock a r e a s s i n c e t h e 
s t o r a g e c a p i c i t y i s l i m i t e d compared to t h a t of a l l u v i a l 
f o rma t ion . I t was seen t h a t t h e p r o g r e s s i v e dec l i ne of 
water t a b l e i n t h e d i s t r i c t of Salem and Coimbatore i n v o l -
ved a d d i t i o n a l f i n a n c i a l burdens to t h e f a r m e r s . The a r t i c l e 
d e a l s wi th some p r e c a u t i o n a r y measures to p reven t f u r t h e r 
d e c l i n e i n t h e water t a b l e i n Coimbatore. 
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TUBEWELLS, BAMBOO, BIHAR, SAHARSA. 
6 8 , APPU (P S)« Bamboo t u b e w e l l : A low c o s t 
device fo r e x p l o i t i n g groijnd w a t e r . Econ 
& Pol Wkly. 9 , 26; 1974, J e 29; A63-5. 
The bamboo t u b e w e l l , i n t roduced i n Saharsa i n 
Bihar i n 1968, has brought t h e t app ing of ground water 
we l l w i t h i n t h e reach of small c u l t i v a t o r s . This a r t i c l e 
d i s c u s s e s t h e advantages of t h e method and t h e r e s u l t s 
ach ieved in Saharsa and Piarnea. The success of t he ntethod 
has r ende red i t necessa ry t o enforce c e i l i n g and tenancy 
l a w s . S t r i c t implementat ion of c e i l i n g law w i l l pave t h e 
way f o r more e f f i c i e n t u t i l i z a t i o n of a v a i l a b l e l a n d . 
WEST BENGAL. 
69. BHATTACHARYA ( A P ) . " Agricul tura l development 
in West Bengal and u t i l i s a t i o n of ground water. 
Indian J Power and River Valley Devel. 23, 5; 
1973, My; 1952-4. 
In t h i s paper, the present food s i t u a t i o n in 
West Bengal has been analysed. While discussing a number 
of measures for increasing food production, including 
i r r i g a t i o n , land re -c la imat ion , specia l auphasis has been 
placed on the p o s s i b i l i t i e s of increasing use of xmtapped 
ground-water reso\irces which may provide i r r i g a t i o n f a c i l i -
t i e s . 
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IMPLEMENTS, TRACTORS. 
70, RACHHPAL SINGH. Impact of tractors on land 
development and expansion of irrigation. 
Econ Affairs, 22, 3; 1976, Mr; 116-8, 
The contribution of tractors in increasing 
productivity through land development and increased 
irrigation needs attention. In this article an attempt 
is made to quantify the efforts made by the fanners with 
the help of tractors in transforming the unproductive 
land to a shape of desirable seedbed and enhancement 
of irrigation facility. 
MAJOR SCHEMES, POTENTIAL, 
71. SHUKLA (Tara). Investment in water resources 
and agricultural development. Commerce. 159, 
3577; 1979, Annual Number; 65-71. 
AgricultEure is the prime mover of the economy, 
especially for developing economies. Therefore, in India, 
more than in agjy other country, the development of irriga-
tion is emphasised. The article discusses the share of 
irrigation in the Plans and the irrigation potential of 
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of major schemes and the extent to which they have 
succeeded. I t also deals with the pace and pa t t e rn of 
publ ic investment in a g r i c u l t u r e . F ina l ly , i t s t a t e s , 
t h a t in 1970-71 the in t roduct ion of newtechnology ra i sed 
ret iams on t r a d i t i o n a l forms of investment l i k e i r r i g a t i o n . 
There i s l i t t l e impact of new technology on i r r i g a t i o n 
investment in thepr ivate sector for the country as a whole. 
MANAGEMENT. 
7 2 . MQKERJI (S P ) . I r r i g a t i o n management. 
Bhagiirath. 26, 2 ; 1979, Ap-Je ; 5 9 - 6 1 . 
I r r i g a t i o n management has -ttie objec t ive of 
maximum production for maximum number. To achieve t h i s 
object ive good i r r i g a t i o n management should ensure avoi-
dance of s i l t a t i o n and f loods , conveyance of water with 
minimu seepage and operat ional l o s s , and su i t ab le cropp-
ing p a t t e r n . The author has discussed the i r r i g a t i o n 
po ten t i a l in India and kas s t ressed on water d i s t r i bu t ion 
p a t t e r n , which i s the most important and d i f f i c t i l t pa r t of 
i r r i g a t i o n management. 
110 
LAWS. 
73. TRIPATHY (R N). Command area development. 
Kurukshetra. 28, 23; 1980, Se, 1; 25-37. 
There are different irrigation statutes for 
different states, but in most states, there is a mxjlti-
plicity of laws covering various aspects of irrigation 
management and administration. The article attempts to 
indicate the legal support necessary in regard to some 
aspects like irrigation practices, ground-water, on-
farm development, enforcement of cropping schedule, and 
maintenance of structiires and channels. 
WATER DELIVERY, SOUTH INDIA. 
74. WADE (Robert). On substituting managenent for 
water in canal irrigation; A South Indian case. 
Econ & Pol Wkly. 15, 52; 1980, De, 27; 
A147-159. 
In the canal system in India , continuous flow 
del ivery has been the rxile in the canals of the South. 
Even when water becomes scarcer than normal, l i t t l e 
attempt i s made to s h i f t to a r o t a t i ona l delivery r u l e . 
I l l 
This paper describes a case in South India where water 
changes in niLes of delivery and management, effort and 
planning were made in response to severe drought mid-way 
through the growing season. Detailed accotmts of canal 
operation in practice, such as that attmpted here, can 
help estimate Just how serious the canal mismanagement 
problem is, and how much potential there is for improv-
ing canal performance through better operating procedures, 
without expensive rehabilitation of physical structures. 
WEST BENGAL, MIMAPOR, KALIAGHAI RI^ /ER BASIN. 
75. DAS (Pannalal) and BHATTACHARYYA (R). Some 
suggestions for basin improvement. " Indian J 
Reg Sci. 6, 2; 1974; 146-54. 
The study is based on the Kaliaghai river basin, 
of the West Bengal, West Central Midnapor district. Resource 
potentiality of the eastern as well as the western zone is 
extremely high so far as the soil, surface water and under-
grotind water resources are concerned. It is nearly certain 
that the supply of irrigation water through out the year 
and other inputs can revolutionise the agriculture. But 
farmers are still suffering from the scarcity of irrigation 
water, 
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MINOR. 
76. MURTY (C S) and REDDY (N B), Minor irrigation 
schemes and small fanners. Kunikshetra. 29, 21 ; 
1981, Ag, 1; 12-4, 24. 
Among the three categories of irrigation schemes 
the minor irrigation projects need to be undertaken if 
the ob^ jective is to provide assured supply of water to 
areas which do not have proper irrigation facilities. 
The projects gestate quickly and provide 'instant irri-
gation. The specific aspect of this study is to assess 
the impact of minor irrigation programme on the intensity 
of cropping, yield per acre, net income from farm and 
non farm structures and Mnployment of beneficiary house-
holds. 
BIHAR, MUZAFFARPUR. 
77« NATARAJAN (V K). Minor irrigation imder 
W.V.D.P.: An appraisal. Kurukshetra. 30, 16; 
1982, My, 16; 11-3. 
The whole village development programme (V.V.D.P.) 
was launched on experimental basis in four states at the 
end of Five year plan. The programme content was primarily 
directed towards the developnent of agriculture through 
land development, consolidation of holdings, maximising 
irrigation and crop programmes. 
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The paper constains an assessment of the impact 
of minor irrigation scheme in the project villages imder 
the implementation of WVDP. The impact was studied in 
terms of intensity of irrigation, percentage increase in 
gross irrigated area, increase in the intensity of crop-
ping etc. The study is a report of the programme carried 
out in I^ zaffarp\ir district in Bihar, 
WEST BENGAL, CASE STUDY. 
78. CHAKRAVARTY (T K) and DAS (P K). Comm\anity minor 
irrigation scheme in West Bengal: A case study. 
J Rural Devel. 1, 3; 1982, My; 445-55. 
This paper describes how the inadequate organisa-
tional and managerial inputs had affected the success of 
a Sommunity minor irrigation scheme in an SFDA district 
of West Bengal where highest priority was acconded to 
to financing the scheme but in effect. Most of the schemes 
were reported to have become defunct within a short time. 
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DUGWELL SYSTEM, FINANCIAL ASPECT, ASSAM, SONAPUR, 
79. BEZBARUAH (R N). Dugwell irrigation popular 
among Sonapur farmers. Yo.jana. 26, 4; 
1982, Mr, 1-15; 33-4. 
The dugwell irrigation syustea is operated by a 
bullock and water is drawn from a well in a convenient 
place in the field. B can easily irrigate a plot of 
12 bighas of land. 
The success of the lift irrigation project built 
at Digaru depends on the timely availability of power. 
The conclusion drawn from the study, in the article, 
is that in the existing financial conditions of the farmers 
in Assam, the less expensive dugwell system of irrigation 
appears to be effective. 
EARTHEN?IPES. 
80. SUBBARAMAN (KR). Mydpipes for irrigation. 
Yo.jana. 11, 12; 1967, Je, 25; 25-6. 
The methods at present in use for minor irrigation 
are not very efficient and economical. The useof earthen 
pipes has been developed. These are cheap and easily avail-
able. This article analyses the economy involved in making 
and putting these pipes to use in villages. It describes the 
advantages of these pipes over the open surface channels. 
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FEASIBILITY, WEST BENGAL. 
81, CHAKRABERTTY (S K). West Bengal: Minor irrigation 
potential. Mainstream. 15, 10; 1976, Nv, 6; 
13-4, 21. 
In West Bengal with the implementation of multi-
purpose river valley projects, the importance of execut-
ing minor irrigation was somehow lost sight of. Since 
1972, it has "been recieving due attention. To emphasise 
the feasibility of these schemes in the state, the article 
also discusses the problems of food production and stra-
tegies adopting for achieving the targets set. The socio-
economic structure of the farm families has been briefly 
described to appreciate the need for any special approach 
to the programme. There is considerable scope for increas-
ing the gross cropped area by measxiring the cropping inten-
sity through minor irrigation projects which are quick 
yielding and less costly. 
LIFT, COOPERATIVE SOCIETIES, ANDHRA PRADESH, NALGONDi^  
82. SHIVIAH (M) and MURTY (L S N). Working of lift 
irrigation cooperati«m societies. Rural Devel 
Digest. 2, 4; 1979, Oc; 1-195. 
In the p^per, the authors have discussed some 
aspects of working of lift irrigation cooperative socie-
ties in Nalgonda district of A,P. The author have discribed 
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technical, financial and organisational issues at various 
stages of lift irrigation cooperatives. Several problems 
in the context of these issues have been high-lighted. 
Some suggestions have been made to solve these problems. 
COST. 
83. DAMODARAN (G R). Lift irrigation. Yo.iana, 
9, 9; 1965, ffy, 9; 25-6. 
Farmers in India have been traditionally using 
bullocks to lift water from wells for irrigation. These 
have now a rival in pumpsets since a larger 
initial outlay is required for installing pumpsets, it 
has given rise to a misconception in certain quarters 
that pumpsets are less economical. The author claims that 
this impression is erroneous and, infact, lift irrigation 
with the help of bullocks costs seven times more than 
irrigation pumpsets. 
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DROUGHT AREAS, HARYANA. 
8 4 . MALHOTRA (S P ) . Unique l i f t i r r i g a t i o n schemes. 
Kurukshe t ra . 24, 22; 1976, Ag, 16; 6 -8 . 
The a r t i c l e dea l s wi th t h e new l i f t i r r i g a t i o n 
schemes t aken up by t h e Haryana government s i n c e 1969. 
An a r ea of over 15 l akh ac re s i n Bhiwani, Rohtak, and 
^bhinde^garh d i s t r i c t s , bo rde r ing Rajas than has been 
v u l n e r a b l e t o chronic d rought , and t h e peop le have been 
i t s v i c t i m s . The schanes to over-come t h i s s i t u a t i o n , 
invo lved c o n s t r u c t i o n of cana l s and pump-houses. 
GUJARAT. 
85. GUPTA (R K) and AHLUWALIA (J S). Conservation 
of diesel fuels in lift irrigation pump-sets. 
Productivity. 18, 4; 1978, Ja-Mr; 547-54. 
This article deals with work being done on a fuel 
conservation project in Gujarat since 1976. This state 
depends upon lift irrigation for over 80% of its total 
irrigation needs. For the study, detailed information 
regarding various parameters such as consumption of fuel, 
areas irrigated, make and condition of lift irrigation 
equipment, maintenance practice, depth of well, depthof 
water level was obtained and analysed. 
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HIMACHAL PRADESH, SIRMQR. 
86. S F D A irrigation schemes in Paonta. 
Kijrukshetra. 25, 12; 1977, Mr, 16; 8-9. 
The article gives account of the irrigation 
schemes that have been provided by the S.F.D.A. in the 
Trans-Giri tracts of Sirmur district in H.P. The Trans-
Giri areas of Tehsil Paonta has an immense irrigation 
potential for lift irrigation schemes and after the 
schemes have been started, it will have good scope for 
multiple cropping. These irrigation schemes have brought 
in financial benefits for the farmers, like increased 
out-put, shift to cultivation of finer grains, reclaima-
tion of land, and an increase in the intensity of cropping. 
METHODS. 
87. MANKU (J S), MUKERJEE (T S) and CHATERJEE (G D). 
Lifting of the water can be made more efficient, 
Indian Farming. 7, 7; 1957, Oc; 25-9. 
Agric\iltural and irrigation engineers in India 
have been trying to improve some of the water lifts being 
used by the farmers and see whether their working can not 
be improved. On more than a third of irrigated farms in the 
countrywells are the only source of water and farmers use 
such lifts as the Persian wheels and the lahote. The article 
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deals in detail, with some methods of lifting water 
and their improvements. 
PUMPSETS. 
88. MURTHY (Y K) and MADHAVAN (K). Pumping plants 
for irrigation. Irrigation and Power. 29, 3; 
1972, Jl; 259-69. 
In this paper, the factors involved in selection 
and lay-outs of pumping plants have been discussed. In 
several irrigation scemes now under consideration situa-
tions occur where lifting of water from its normal flow-
level is required, for irrigating lands at higher elevations. 
Lift irrigation has become more extensive due to the cons-
truction of schemes in the topographically less favourable 
areas for obtaining gravity flow, 
SOLAR. 
89 . GANGULY (K). Semi-portable so lar water pump. 
Invention In t e l l i gence . 14, 3; 1979, Mr; 100-2. 
The fuel o i l c r i s i s in recent years and the non-
a v a i l a b i l i t y of e l e c t r i c i t y In remote areas of India has 
generated i n t e r e s t in the u t i l i z a t i o n of i o l a r energy. 
The so la r wajfeer pump of about 100 watt power wi l l be use-
f u l l for l i f t i r r i g a t i o n by small farmers in remote v i l l ages . 
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UNDER UTILIZATION, GUJARAT. 
9 0 . MADAPPA (P P ) , PATEL (K V) and PATEL (N T) . 
Inves tment d e c i s i o n on pumps: Case s tudy of 
Sa t i rash t ra v i l l a g e . Econ & Pol Wkly. 5, 2 ; 
1970, J a , 3 ; 2 1 - 4 . 
The a r t i c l e h i g h l i g h t s t h e need fo r j u d i c i o u s 
u t i l i s a t i o n of s ca rce Inpu t s l i k e c a p i t a l and water to 
avo id wastage a r i s i n g from over Inves tment . The a r t i c l e 
c i t e s i n s t a n c e s of non-coopera t ion in s h a r i n g of pump-
s e t s to economise t h e cos to f c r e a t i n g i r r i g a t i o n p o t e n t i a l . 
The i n v e s t i g a t i o n r e v e a l e d t h e grave magnitude of under 
u t i l i s a t i o n of t h e I n s t a l l e d c a p i c i t y of pump-sets and 
unwarranted and uneconomic d e c i s i o n s to i n v e s t in pump-
s e t s . The b e n e f i t s of optimum u t i l i s a t i o n of one pump per 
wel l through coopera t ion a r e to be Impressed upon farmers 
v*io go i n f o r l i f t i r r i g a t i o n . 
TECHNOLOGY, SOCIAL BENEFITS, ORISSA. 
9 1 . TRIPATHY (Damodar). Soc i a l be r i e f i t s of small 
ho lde r w e l l s : A s tudy from O r l s s a . Artha Vi.i-
nana . 24, 2 ; 1982, J e ; 101-19 . 
Although many s t u d i e s have been conducted in 
I n d i a on flow and modernn l i f t i r r i g a t i o n p r o j e c t s , s t u d i e s 
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taken upon well irrigation are only a few in ntimber. 
This paper deals with well irrigation programme with 
high labour intensive indigenous manual lift technology. 
It provides information both from the point of view of 
commercial profitability and social welfare. It examines, 
through empirical investigation, the view held by some 
that the benefits from government expenditure on such 
irrigation progranmies do not substantially percolate 
down to the target groups like small and marginal farmers, 
PLAN TARGETS. 
92. MAHAVIR PRASAD. Minor irrigation for increased 
food production. Indian Farming. 14, 17; 
1964, Oc; 23, 32, 35. 
Minor irrigation includes ground-water schemes, 
installation of water lifting appliances, surface water 
schemes and renovation of old tanks. These yield quicker 
results in a relatively shorter period with more or less 
local resources of men, material and equipment. In this 
context, the article deals with the plan targets and the 
ultimate progress made under minor irrigation works. 
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PLANNING. 
93, SIVARAMAN (B), Minor irrigation and command 
areas planning and implementation. ARDC News. 
7, 3; 1978, Oc-De; 38-43. 
The paper emphasises suitable co-ordination and 
minimising the n\jmber of organisations which plan the 
minor irrigation programme. There is an imparative need 
for building into the irrigation system a suitable drainage 
system. Minor irrigation is really a part of water shed 
management which should include aQ.1 possibilities of hold-
ing back water for later use. It includes percolation 
tanks used mainly in highly porous soil areas for holding 
back water to raise the subsoil water level down below the 
percolation tank. Several of these can be developed into 
reservoirs for minor irrigation. The other factor discussed 
is evolving of a suitable cropping pattern and preparation 
of land. 
QUANTITATIVE ANALYSIS, WEST BENGAL. 
94, SADHUKHAN (Sunil Kr). Quantitative analysis of 
an agro-irrigational facet of West Bengal. Geogr 
Rev of India. 36, 3; 1974, Se; 196-203. 
This study embraces two important aspects of 
West Bengal agriculture and small irrigation. Th4 first 
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section of the paper mainly points out the landuse 
pattern, agricultural production and agricultural super 
structure of the state, the second, the importance of 
small irrigation in the state, differential negative rain-
fall variability indicating varied requirements of irriga-
tion in different segments of the state. Finally a quanti-
tative analysis has been made; this part dwells on, in 
two separate calcxjlations, the relationship between the 
progress of small irrigation and the expansion of the 
c\altivated area and the correlation between small irriga-
tion and agricultural production. The concluding part 
attempts to justify the emphasis on small irrigation in the 
state. 
SCHEMES, AIMS, BIHAR. 
95. DESAI (D K) and HARI PRAKASH. Planning and 
implementation of financing the area develop-
ment scheme. Econ and Pol Wkly. 7, 13; 
1972, Mr, 25; A13-22. 
As part of the area approach, the Agricultural 
Finance Corporation formulated a number of specific 
schemes to be financed by the member banks. One of these 
was the mihor irrigation scheme of the Bihar Relief 
Committee. This article described the aims and outlines 
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of t h e scheme, how t h e AFC p u t through t h e p r o j e c t 
r e p o r t to t h e hanks, t h e s a n c t i o n i n g and disbiirsement 
of funds . An examination of v a r i o u s case s t u d i e s t r a c e s 
t h e f a i l u r e of t h e scheme t o t h e market ing of the idea 
and t h e demand fo r c r e a t i o n fo r w e l l s . 
SPRINKLER. 
9 6 . PATEL (A R) . P o t e n t i a l of s p r i n k l e r i r r i g a t i o n 
s y s t e n . Kurukshetra* 30, 4 ; 1981 , Nv, 16-30; 
9 - 1 1 , 22 . 
In t h e problem b e l t s o f t h e count ry and cons ide r ing 
t h e p r e s e n t s t a t e of agr icx j l tu re i n I n d i a , t he i n t r o d u c t i o n 
of s p r i n k l e r i r r i g a t i o n o f f e r s c o n s i d e r a b l e scope . In -tfeis 
a r t i c l e t h e method has been def ined and exp la ined , and an 
account of i t s advantages and t h e problems t h a t have to 
be over-come, has been g i v e n . 
ADVANTAGES. 
9 7 . SIVANAPPAN (R K) . Drip i r r i g a t i o n system: 
P o s s i b i l i t i e s i n Ind ian a g r i c u l t u r e . Kisan 
World. 9 , 9 ; 1982, Se ; 4 - 6 . 
The Drip i r r i g a t i o n system, i f p r o p e r l y adopted, 
g i v e s r i c h crop y i e l d s and good p r o f i t . The water wasted 
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in surface irrigation can be avoided in this system. 
It has other advantages too. This article deals with 
effect of drip method, the work done in this system 
and its economics, 
PUNJAB, 
98. DHESI (P S). Sprinkler irrigation in Punjab. 
Coop News Digest, 25, 2; 1974, Fe; 61-2, 
In terms of waterutilisation, Sprinkler irrigation 
is far mors efficient than traditional methods. The cost 
of the sprinkler irrigation system is quite realistic in 
terms of the agricultural economy inmost areas of Northern 
India, When sprinkler irrigation replaces traditional 
methods and canals and distributories are lined, the uti-
lisation of water rises and there is lesser wastage. No 
land levelling is required and land can be irrigated even 
if it is un-dulating sand dunes or a steep hillside. There 
is reduction of pests and diseases, reduction in labour 
required for irrigation, increased yield and quality, 
solving of drainage problems. 
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KARNATAKA, DHARWAD. 
99. DUDHANI (C M) and MOHD HASANUDDIN. Sprinkler 
community irrigation well projects. Kurukshetra» 
29, 10; 1981, Fe, 16; 20-3. 
For the first time in Dharwad district, an 
experiment was made regarding Sprinkler Community irri-
gation wells project for the benefit of the poor. Under-
ground water resoxirces were tapped and Sprinkler irrigation 
system for the small and marginal farmers was established. 
The article deals with the different stages of the project 
and the benefits accruihg from it, 
KERALA. 
100. NAGAffiAJAN (S S ) . An I s r ae l in Mamallap\iram: 
Drip i r r i g a t i o n in Sandy s o i l s . Kisan Vorld. 
9, 9; 1982, Se; 7-10. 
The a r t i c l e gives a comprehensive p i c tu re of 
t h i s increasingly popular syston and i t s advantages for 
young coconut t rees r a i sed on the beach sand a t Mamalla-
puram. I t i s usefiil for economical use of water in p a r t i 
cular s i t ua t i ons and can open up new v i s t a s in crop 
production. 
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PRESSURE VARIATIONS, EVALUATION. 
1 0 1 . RANDHAWA (Prahlad S i n g h ) . Hydraxolics of a 
S p r i n k l e r i r r i g a t i o n system. I r r i g a t i o n and 
and Power. 26 , 4 ; I969 , Oc; 435 -41 . 
The h y d r a u l i c s of a s p r i n k l e r i r r i g a t i o n system 
involved eva lua t i on of p r e s s u r e v a r i a t i o n s i n t h e va r ious 
components i n o rde r to ach ieve an e f f i c i e n t and economical 
sys tem. The f r i c t i o n l o s s i n t h e ma in l ine may be computed 
from t h e Darcy-Weisbach formiila. A Corresponding r e l a t i o n 
has been deduced fo r pressxire l o s s i n a l a t e r a l by assuming 
equal flow in a l l t h e s p r i n k l e r s , A d i r e c t method of determin-
ing t h e l a t e r a l s i z e has been evolved. 
TECHNIQUES, COSTS, CROP, BANANA, MAHARASHTRA, 
JALGAON, CASE STUDY. 
102, APTE (D P ) and MULLA (G R). Comparative costs 
of l i f t i n g water from we l l s : Case study of banana 
c u l t i v a t i o n . Arthavi.jnana. 5, 4; I963, De; 
282-94. 
In t h i s paper comparative costs of i r r i g a t i o n by 
three d i f ferent techniques: (1) bullock drawn water l i f t , 
(2) water pump ope ra t ed by an o i l engine, 'and (3) an 
e l e c t i c a l l y operated pump, have been s tudied . I t i s based 
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on the case-studies of the cxiLtivators from Waghode-
Budnak, in Jalgaon district, who irrigated their banana 
plantations withone of these techniques. The electrically-
operated pump was found more economic than the other tech-
niques and supplied the largest quantity of water per acre. 
TUBEWELL. 
103. BHATIA (J P) and TEWARI (R N). Break even analysis 
for efficient management of tubewells, Agric 
, Situation in India* 31, 8; 1976, Nv; A23-30. 
It is desireable to evolve a method which can 
ensiire judicious use of tubewell resources. An attempt 
has heen made in this paper to provide guide-lines for 
operating a tubewell more efficiently in a rational zone. 
The paper illustrates, with an empirical example, howto 
fix the extreae limits on lower and higher side of the 
rational zone of command area of an irrigation source. 
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BAMBOO, BIHAR. 
104. DOMMEN (Arthxir J ) . Bamboo t u b e w e l l . 
DevaL D i g e s t . 13 , 4 ; 1975, Oc; 4 7 - 5 1 . 
The a r t i c l e d e s c r i b e s t h e Unven1?ion of a type 
of i r r i g a t i o n tube -we l l made of a bamboo, and t h e advantages 
of t h i s dev ice i n t h e c o n d i t i o n s of B i h a r , I n d i a , vrhere 
r e l a t i v e l y shal low water and s u i t a b l e s o i l s a r e found. 
CONSTRUCTION SCHEME, MADHYA PRADESH. 
105. KHER (M V). Tubewell p ro jec t of Madhya Pradesh. 
Kurukshetra. 19, 12; 1971, Mr, 16; 10. 
The a r t i c l e deals with a scheme of tube-well 
construct ion which i s under way in Madhya Pradesh. The 
loca t ion of a tube-w€fl.l i s decided only i f the spot has 
adequate water for three crops in a year . Estimates show 
t h a t each tube-well wi l l give about 60-100 tones of 
addi t ional foodgrains. The Kharif, Rabi and summer crops 
w i l l bene f i t . 
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CORPORATION, OBJECTIVES, PUNJAB. 
106. AN AND (MM), Punjab s t a t e t u b e - v e i l c o r p o r a t i o n . 
Eas t e rn Econ. 6 3 , 19; 1974, Nv, 8 ; 21-4 . 
I t was e s t ima ted t h a t s i n c e i r r i g a t i o n was the 
v i t a l requ i rement of Punjab , o t h e r sources of wa te r , 
namely xmder-ground s o u r c e had to be t apped . I t was a l s o 
r e a l i s e d t h a t i n o rde r to e x p l o i t underground wa te r , fimds 
r e q u i r e d w i l l be c o l o s s a l . I t was a g a i n s t t h i s background 
t h a t a d e c i s i o n was taken i n 1970 to c r e a t e t he Punjab s t a t e 
tubewel l co rpo ra t i on for esqploit ing t h e imder-ground wate rs 
by a t t r a c t i n g i n s t i t u t i o n a l f i n a n c e s . The primary o b j e c t i v e 
of t h i s i s ito provide i r r i g a t i o n to t hose a r ea s where i r r i -
g a t i o n i h t e n s i t y i s zero and i t i s n o t p o s s i b l e fo r t h e 
c u l t i v a t o r s to i n s t a l t ubewe l l s t hemse lves . 
COST BENEFIT ANALYSIS, COMPARATIVE STUDY. 
107. MOORTI (T V) and MELLOR (John W). Comparative 
study of costs and benef i ts of i r r i g a t i o n from 
s t a t e and p r iva te tube-wel ls . Indian Jagr ic 
Econ. 28, 4; 1973, Oc-De; 181-9 
To know the ret i i rn of water for d i f ferent crops, 
knowledge of response functions i s necessary. In t e r - ac t ions 
of water and complimentary inputs l i k e f e r t i l i s e r s may also 
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be of interest. Besides there are other issues like 
state tubewells and private tubewells and their meid.ts 
and demerits. All these questions deal with the economics 
of these two kinds of tubewells. With this context in view, 
a detailed investigation was carried out in Aligarh with 
some specific objectives like to study of the performance 
of state and private tubewells, to estimate the cost of 
water from these two sources and to estimate the returns 
to water, 
WEST BENGAL. 
108. SAIN (K) and KUNIXJ (S N). Economics of shallow 
tubewell i r r i g a t i o n in West Bengal: Benefit cost 
app ra i s a l . Econ Affa i r s . 21 , 3; 1976, Mr; 100-
This paper attempts to present the data of benef i ts 
and costs of shallow tube-well i r r i g a t i o n in a small area 
of West Bengal with a view of f a c i l i t a t i n g comparision of 
economics of s imilar small projects elsewhere in the country. 
The high benef i t cost r a t i o revealed by the inves t iga t ion 
and evaluation of the shallow tubewells , i f not out-weighed 
by non-economic and other judganents and i f subs tant ia ted 
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by similar and more comprehensive studies, ought to 
add to the popularity of such means of minor and medium 
irrigation. 
NADIA. 
109. MJKHOPADHYAY (Arunendu). Benefit cost analysis 
of a l t e rna t ive tube-well i r r i g a t i o n projec ts in 
Nadia d i s t r i c t of West Bengal, Indian Jagr ic 
Econ. 28, 4; 1973, Oc-De; 189-96. 
This paper i s pr imari ly designed to make a compa-
r a t i v e economic evaluation of deep tube-well and shallow 
tube-well as I t e r n a t i v e device of i r r i g a t i o n in Nadia 
d i s t r i c t of West Bengal. This analysis has been done on 
the bas i s of three a l t e r n a t i v e discoxmted measures, namely, 
benef i t cost r a t i o , ne t present worth and in te rna l r a t e of 
economic r e t u r n . This paper also guages whether these 
three d i f fe ren t c r i t e r i a give d i f ferent ranking of the 
a l t e r n a t i v e p ro j ec t s . 
133 
DEVELOPMENT, ANALYSIS. 
110. DHAWAN (B D), Development of tubewell irrigation 
in India. Eastern Econ. 67, 11; 1976, Se, 10; 
528-31. 
In this article, ana analysis of the reasons for 
for concentration of tubewell irrigation in certain states, 
has "been attempted. Vast farm areas in West Bengal, East 
U.P. and Bihar suffer from size disability. On the other 
hand such farm areas in Pan jab, Haryana and West U.P. are 
negligible. The author recommends consolidation of holdings 
in East U.P., failing "which the option is state-owied tube-
wells as against the preponderance of privately owned tube-
wells in West U.P., Panjab and Haryana. 
RAJASTHAN. 
111, GfUPTA (Laxmi Nara in) . Progress and prospects of 
tubewell i r r i g a t i o n in Rajasthan. AICC Econ Rev. 
16, 16; 1965, J a , 25; 23-6. 
The a r t i c l e summarises the advantages and disadvantages 
of the major and minor i r r i g a t i o n p r o j e c t s . I t surveys the 
progress of tube-well i r r i g a t i o n in t h e s t a t e since 19^9 in 
the Five year Plans and provides solut ions to the d i f f i c u l -
t i e s t ha t arise in the development of the tube-well scheme. 
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ENERGY, WHEAT, HARYANA. 
112. MALIK (R K), RAO (A R) and C3UPTA (R R). 
Tubewell irrigation for •wheat ciiltivation: 
Energy audit. Ur.ia. 10, 5; 1981, Nv, 5; 
309-12. 
In this paper all the inputs of energy needed to 
produce the metallic and construction material used in 
installation of the entire irrigation systoo as well as 
human labour used for installation, maintenance and opera-
tion of the system have been taken into consideration. The 
inputsof energy needed to produce the ele6tricity using 
primary fuels like coal as well as the losses in transmis-
sion in Haryana have been given proper weightage in the 
assessment of energy inputs for irrigation, 
PERFORMANCE, BIHAR, 
113. PAL (S P). Economics of state tubewell irriga-
tion: A case study of state tubewells in Bihar. 
Margin, 14, 1; 1982, Oc; 29-45. 
The paper deals with the evaluation of performance 
of state tubewell irrigation in Bihar. The evaluation frame-
work suggested in the UNIIX) Guidlines has been adopted to 
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evaluate net benefitsof state tubewell Irrigation. 
The dature of data relate to characterstics of sample 
tubewells, different components of costs of operations 
and installations, assessments of revenues, hours of 
operation and area irrigation dioring each season. A com-
parative analysis the North and South Bihar has been 
provided because of the differences in agro-climatic 
conditions of the two regions and their consequent impact 
on crop-water requirements. 
POLICY ISSUES. 
114. DHAWAN (B D). Options in tubewell irrigation. 
Eastern Econ. 67, 20; 1976, Nv, 12; 945-6, 
The apparent conflict between social justice and 
agricultural growth, posed by the question of choice 
between public and private tubewells, disappears if a 
policy of promoting public tubewell irrigation is pursued 
for the states of Bihar, West Bengal and U.P. in the East 
Gangetic Plains. Likewise a policy of private tubewell 
achieves a similar goal for the North-West Indian region, 
except that serious problems in ground-water management 
may crop up with intensive cropping in the region. 
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UTTAR PRADESH. 
115. DHAWAN (B D). Demand for irrigation: Case 
study of Gk)vt. tube-wefl.ls in Uttar Pradesh. 
Indian Jagric Econ. 28, 2; 1973, Ap-Je; 
59-
The paper presents some estimates of elasticity 
of demand for irrigation water with respect to four 
variables — Price of farm output, price of irrigation 
water, normal rainfall, and deviation from normal rain-
fall. A single equation linear model has been employed 
to the time-series data in respect of state tubewells in 
U.P. The paper provides a basis for important policy impli-
cations which are spelt out. 
116. KRIPASHANKAR. Irrigation in Uttar Pradesh. 
AICC Econ Rev. 17, 12; 1965 De, 1; 39-41. 
In U.P. the tubwell irrigation is replacing 
masonry well irrigation without resulting in any increase 
in the total irrigated area. Whereas Uie number of tubewells 
have gone up, the number of masonry wells used for irriga-
tion is constantly on the decline. The author says that 
since the agricxaltural sector is not moving fast, a rethink-
ing on the irrigation policy in the light of past working 
is called for. 
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117. MOHAN (J) and JINDAL (M C). Lift irrigation 
from river in Uttar Pradesh. Irrigation and 
Pover. 27, 2; 1970, Ap; 191-
The failiire of monsoon during 1966 in U.P. led 
to the installation of diesel pumpsets. The utility of 
the scheme resiiLted in demand for long time measures. 
Electric pump sets were found necessary, particularly- in 
Eastern U.P. areas which lie toward tail ends of large 
irrigation systems. Irrigation by lifting water from tanks 
had been the earliest method of irrigation. With the 
growth of technical knowledge, irrigation by lifting water 
through handmade devices was considered cumbersom and new 
devices for flow irrigation began to be developed. Reser-
voirs, dams and tubewells came into pxminence. Stress has 
been given for the extension of only these schemes, in all 
the Five year plans. 
VARANASI. 
118. TYAGI (B N). Economic study of state tubewells 
in Varanasi and Etah districts of U.P. Agric 
Situation in India. . 25, 3; 1970, Je; 241-7. 
Analysing the performance of state tubewells in 
the two Uttar Pradesh districts, the article indicates 
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why some tubewel l s have done worse than t h e o t h e r s . 
I t a l s o i n d i c a t e s how t h e performance gap can be 
narrowed. This economic s tudy was conducted with p a r t i -
c u l a r r e f e r e n c e to b e n e f i t c o s t r a t i o of t he good t u b e -
w e l l s . The ex t en t t o which t h e i r r i g a t i o n p o t e n t i a l of 
t h e t u b e - w e l l s has been u t i l i s e d was a l so d i s c u s s e d . 
WATER FLOW RATE. 
119. JASWANT SINGH, RANVIR KUMAR and PRATAP SINGH. 
Water flow r a t e from t u b e w e l l s . I n d i a n Farming. 
3 1 , 1 1 ; 1982, F e ; 3 1 , 34. 
The e f f i c i e n t and economical u se of under-ground 
water fo r i r r i g a t i o n mainly depends on t h e measuranent 
of t h e water flow r a t e . In t h i s a r t i c l e a s imple inexpen-
s i v e , a c c u r a t e and convenient method f o r t h e measurement 
of water flow r a t e s from h o r i z o n t a l p i p e s , flowing f u l l , 
has been de sc r i bed . The method i s based on t h e b a s i c 
p r i n c i p l e s of p h y s i c s . 
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WHEAT AREA, PUNJAB, LUDHIANA. 
120. FRANKEL (Francine). Ludhiana: Agricultural 
modernization and social change. Mainstream, 
8, 18; 1970, Ja, 3; 17-25. 
The study reflects the effect of the 'new strategy' 
in agriculture in the wheat area of Ludhiana. It shows 
the growing rural economic disparity as a result of the 
introduction of Intensive Agricultural development Pro-
gramme. The sum total of the changes, specially as a result 
of the installation of tubewells to bring extensive new areas 
under irrigation add upto an agricultural revolutioft, 
WELL. 
f21, RAO (N Sive Prasad) and RAGHUNATH SINGH. 
Project appraisal of a community irrigation 
well. Rural Devel Digest. 2, 2; 1979, Ap; 
7A-81. 
The paper seeks to provide appraisal of the 
community irrigation well programme in terms of its 
impact on the small and marginal farmers and discusses 
its relative advantages over a sxjrface irrigation project 
in increasing the net irrigation potential of the drought 
prone areas. 
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CROPPING PATTERN. 
122, SAVALE (R S). Intensive development approach 
to agric-ultiiral development: Role of irrigation 
and cropping pattern in agriciiLtural development. 
Indian Jagric Devel, 21, 4; 1966, Oc-De; 96-104. 
Investigations made into various studies may 
prove to be of practical utility to see the extent to 
which development can be broxight about by using various 
available resources and to explore the possibility of 
developing some new ones. The article studies, from cross-
sectional data, the extent of growth that can be achieved 
from development of well irrigation and changes in the 
developing pattern, 
FINANCE. 
123. SHETH (S T). Ground-water resources for irri-
gation in India. RBI Bull, 24, 19; 1970, Se; 
1507-22. 
The paper discusses the cost associated with the 
construction of wells and tubewells and possible sources 
of finance. The former involves considerations like 
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preliminary investigation and drilling cost of pumps, 
•which need to be evaluated in relation to the life time 
of the project and its productivity. A study of inter-
state variations reveals that there is good scope for 
construction of wells in A.P., Bihar, Gujarat, Maharash-
tra, P\mjab, Mysore, and Uttar Pradesh. The problems of 
water management have been dealt with too. The paper 
points out that there is shift in emphasis towards inten-
sive irrigation under the new agricultui»al policy. 
WATER OF FLtfORINE CONTENT, RAJ AS THAN, BHILWARA, 
124. MEHTA (K K), PALIWAL (K V), and GANDHI (A P). 
Fluorine in irrigation waters of Bhilwara 
district of Rajasthan. Indian J Agric Sci, 
39, 12; 1969, De; 1083. 
This paper deals with the relationship between 
fluorine content and the quality of irrigation waters 
and growth of wheat under field conditions. Well waters 
of Bhilwara, which are the main sources of irrigation 
were analysed for fluorine content. Fluorine content 
should also be considered while determining the quality 
of irrigation waters. 
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WIND MILLS, UTTAR PRADESH, GHAZIPUR. 
125. VILSTEREN (A V), Windmills for irrigation. 
Ur.ia. 5, 9; 1979, My, 12; 351-3, 55. 
In India, organised research and development 
work on the utilisation of wind power began in 1952. 
Several attanpts have been made to develop simple and 
low cost windmills. No design has proved to be so success-
fijl and economically feasible that large scale production 
could be taken up. This article discusses the technical, 
and agriciJltural aspects and economics of wind mills in 
Ghazipur. 
WIND POWER, SOLAR ENERGY, COMPARATIVE STUDY. 
126. RAMANARAO (B V) and PANDE (P C). Solar energy 
for irrigation. Eastern Econ. 75, 16; 1980, 
Oc, 17; 892-4. 
Wind powe:^  and solar energy are two sources of 
renewable energy for pumping water for irrigation. A 
comparative study on the wind power and solar energy 
potentials for lifting water for irrigation at different 
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stations spread all over the country reveals that 
exploitation of solar energy is inevitable to supple-
ment the energy needs in agricultxjre for irrigation in 
most parts of India. The present status of research and 
the need for development of a cheap solar pump are 
discussed here. 
MUtTIPLE CROPPING, BIHAR. 
127. BOSE (S R). The changing face of Bihar 
agriculture. Indian J Econ, 51, 20; 
1970, Oc; 169-184. 
The article studies the changes that have taken 
place in the set up of agriculture in an agricultural 
state such as Bihar over a priod of fifty years or more. 
The data on irrigation has been examined which may be 
presumed largely to determine the extent of multiple 
cropping. The relationship between irrigation and multiple 
cropping is not an invariable one. The North Bihar plains 
are capable of a considerable amount of multiple cropping 
without the aid of irrigation; while the South Bihar plains 
and the plateau region depind very largely for multiple 
cropping on irrigation. The author concludes that although 
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t h e r e has been an i n c r e a s e i n t h e i n t e n s i t y of 
cropping i n t h e i r r i g a t e d a r e a y e t t h e s e have n o t 
been a b l e to p reven t a s u b s t e n t i a l d e t e r i o r a t i o n of 
crop ou tpu t pe r head of pop i j l a t ion . 
PONDICHERRY. 
1 2 8 . GUPTA (C L) and RAO(Klfeha). Energy inpu t s for 
i r r i g a t e d farming wi th mixed c ropp ing : Micro 
l e v e l survey i n Pondicher ry r e g i o n . Ur.ja, 
9 , 5 ; 1981, fly, 5 ; 277-82. 
In I n d i a , a l l t h e farming systems a r e p r e s e n t 
wi th r e s p e c t to i r r i g a t i o n — mixed c ropp ing , m\j l t iple 
cropping and mechan i sa t ion . This paper i s an a t tempt to 
quan t i fy t h e t o t a l as we l l as d i s - a g g r e g a t e d energy i n p u t s ; 
c ropwise , o p e r a t i o n - w i s e and source-wise pl»* u n i t l a n d 
as wel l a s pe r u n i t y i e l d on t h e b a s i s of primai*y d a t a . 
The d a t a has been c o l l e c t e d on a ^0% sample in a v i l l a g e 
having i r r i g a t e d , non-mechanised farms us ing m u l t i p l e 
cropping i n Pondicherry r e g i o n . 
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PLANNING. 
129, PRADHAN (N B). Plan your irrigation system. 
Indian Farming, 8, 12; 1959, Mr; 17-21. 
Efficient irrigation ateans that water is applied 
to the soil until the moisture content in the root zone 
conforms to its normal moisture retaining capacity. Any 
extra water added is lost by percolation. The article 
discusses important factors to be taken into consideration 
for planning efficient irrigation system for farm. 
130. RAO (G V K), Irrigation development in India, 
Bhagirath, 27, 3; 1980, Jl-Se; 92-108, 
The article first deals with the pre and post 
independence development of irrigation and the incep-
tion of planning. Secondly it refers to the administra-
tion, irrigation policy and legislation and finally the 
important factors which shall be dealt within the future 
irrigation strategy. In irrigation watermanaganent, the 
making of field channels, enforcement of irrigation shall 
be essential. 
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ANDHRA PRADESH. 
131. KHARE (S B). Irrigation development. 
KuTTikshetra. 25, 21; 1977, Ag, 16; 
16-7. 
It has long been recognised that irrigation 
is the basic necessity for stabilising agriculture in 
Andhra Pradesh where rainfall in its different regions 
is inadequate and erratic. The author reviews what has 
been attempted and achieved in the field in the state, 
specially after the advoit of planning, as also what is 
envisaged. The impact made by the projects completed 
so far is also discussed here. 
DROUGHT PRONE AREA, ANDHRA PRADESH, ANANTPUR. 
132. NARASIMHA REDDY (D) . Irrigation in drought-
prone area. Yojana, 22, 4; 1978, Mr, 1; 
30-2. 
The analysis in the article is an attempt at 
assessing the irrigation needs, potentialities and 
problems of programming of the dirought-prone district 
of Anantpur in A.P. It is the worst drought-hit area 
in South India, 
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TAMIL NADU, BHAVANI, ATTAVANAIPUDUR (CHITTAR). 
133, NARAYANAN (P G). Potential for irrigation 
in Bhavani area. Kisan Worlds 7,11; 
1980, Nv; 12-3. 
During the periods of drought such as the one 
that has occured during the current year even the wells 
with 70—90 depth had gone dry. Potentialities of the 
area for irrigation are great. What is needed is effec-
tive planning, which soiild include extension of Mettur 
Right Bank Canal to irrigate the drought prone areas, 
Attavanaipudur. (Qiittar) irrigation scheme and desilting 
and deepening tanks. 
POLICY, ISSUES. 
134. RAO (V M). Linking irrigation with develop-
ment: Some policy issues. Econ and Pol >/kly, 
13, 24; 1978, Je, 17; 993-7. 
Generally irrigation is looked upon as a resource 
falling in the domain of technical experts. The success 
of a society in using a resource for development, parti-
cularly a resource like irrigation, depends equally on the 
characterstics of the h6man factor and of the communities 
undergoing the process of change. The purpose of this arti-
cle is to bring out some of these links between irrigation 
and development. 
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PROJECTS, ADMINISTRATION, ANDHRA PRADESH, TUNGABHADRA. 
135. WADE (Robert). Water supply as an instrument 
of agricultural policy, Econ & Pol Wkly, 
13, 12; 1978, Mr, 25; A9-13. 
In the early years of irrigation projects, when 
water is abundant farmers in the upper reaches adopt 
crops and irrigation techniques which need more water, 
but when the use network is extended and the available 
water has to be spread over a large area and the head 
reach farmers resist any cut in water supply. This paper 
describes administrative effort -Qiat was needed to prevent 
paddy from being raised in irrigategl dry blocks and on 
land not entitled to irrigation at all on the Tungabadra 
high level canal in Southern A.P. This paper helps to get 
a clear idea of the potential for using control over irri-
gation water as a policy instrument for inducing desired 
dianges in cropping pattern, 
BANSAGAR,PROSPECTS, MADHYA PRADESH, REWA, DEOLONG, 
136. RAJBHAR (B N). Promises from Bansagar project. 
Yojana, 22, 13; 1978, Jl, 16; 18-9, 
The Bansagar dam is at Deolong near Rewa in M.P. 
This multipurpose project will provide water for irrigation 
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to Madhya Pradesh, Uttar Pradesh and Bihar. The article 
siirveys the prospects of those districts, which will 
benefit from the project, after its completion. In some 
districts, as in Palamau, Bihar, it will strengthen the 
existing irrgation system; while in U.P. Mirzapur and 
adjoining areas will recieve water. 
BENEFITS, DAMODAR VALLEY CORPORATION, WEST BENGAL, 
137. GeoSE (S R). Irrigation and navigation. 
Yo.iana> 12, 13; 1968, Jl; 13-4. 
^he success of any irrigation project lies in 
utilising the potential and bringing in the benefits of 
of irrigation to land, ^ he usefiilnessof the DVC F^ rojects 
for irrigation depends on the small arteries of the sys-
tem. According to the DVC Act, the corporation was respon* 
sible for the bulk supply of water. Tubewell irrigation 
is not included in the system. In the interest of food 
production and for the benefit of the highlands in head 
reaches of the left bank and right bank main canals the 
Panagarh branch canal and the Dxxrgapur branch canal should 
be brought under irrigation. 
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BHAKRA NANGAL, REGIONAL IMPACT. 
138. CHOPRA (Kanchan R) Regional effect of the 
Bhakra Nangal Project: Case study. Indian 
Econ Rev. 7; 1972, 170-88. 
This paper makes an attempt to evaiiaate the 
regional effect' of the Bhakra Nangal Project. The 
irrigation side of the project is considered for this 
and the impact of irrigation on the region -defined as the 
area irrigated by the project is quantified. 
COOPERATIVE CREDIT, GUJARAT. 
139. JAYARAMAN (T K). Cooperative credit in irriga-
ted agriculture: Case study of an irrigation 
project in Gujarat. Margin. 11,4; 1979, Jl; 
32-41. 
The objectives of this paper are to examine the 
trend in credit availability, to find out the determi-
nants of itsr demand in area falling under the command of 
an irrigation project in Gujarat. The paper has three 
sections. The first sketches a comparative picture of the 
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c r e d i t system i n I n d i a and in Gu ja ra t , The second 
g ives a s t o c h a s t i c model of demand fo r a g r i c u l t u r a l 
c r e d i t i n t h e i r r i g a t e d a r e a . The f i n a l s e c t i o n d i s c u s -
s e s p o l i c y i m p l i c a t i o n s fo l lowing out of t h e s t udy . 
COST BENEFIT ANALYSIS. 
1A0, MISRA ( S h r i d h a r ) . Note on c o s t - b e n e f i t a n a l y s i s 
as r e f l e c t e d i n i r r i g a t i o n p r o j e c t s . Ind ian J 
Econy 5 1 , 202; 1971, J a ; 301-12. 
This a r t i c l e a t t empted to de f ine c o s t - b e n e f i t 
a n a l y s i s as app l i ed to i r r i g a t i o n p r o j e c t s . I t has d i s -
cussed t h e e x t r a economic c o n s t r a i n t s on p r o j e c t propo-
s a l s and has c a t e g o r i z e d c o s t s and b e n e f i t s . The a r t i c l e 
a l s o g i v e s an account of t h e ea r ly a t t empt s to a s s e s s t h e 
b e n e f i t s of i r r i g a t i o n p r o j e c t s and t h e ou t - l ook of the 
F i r s t P l a n . I t sugges t s t h a t where a l t e r n a t i v e means e x i s t , 
i r r i g a t i o n p r o j e c t s should be planned as would convinc ingly 
prove t h e i r s u p e r i o r i t y f o r be ing most economical and f o r 
g iv ing a s su red supply of water in t imes of need . 
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FEASIBILITY. 
141. NARAYAN (Kailash) and RAO (GV). Cost-benefit 
studies of irrigation projects and suggestion 
for their improvement. Irrigation and Power, 
29, 3; 1972, Jl; 317. 
In the case of irrigation projects, the cri-
terion of percentage rate of financial return on capital 
investment was applied till a few years ago, for examin-
ing the economic feasibility. This paper briefly reviews 
the financial approaches, discusses the existing benefit 
f 
cost procediire, examines its merits and demerits as noticed 
in its present form of application, and suggests improve-
ments to render the procedure fully rational 
TOOLS. 
142. PAL (S P) and ROY (C R). Environmental impli-
cations and economic evaluations of large scale 
irrigation projects: Some methodological issues. 
Margin, 14, 4; 1982, Jl; 29-40. 
The paper examines how far conventional tools of 
economic analyses are applicable in the evaluation of 
environmental impacts of river basin projects. An attempt 
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h a s been made to c l a s s i f y such impact i n t o broad 
c a t e g o r i e s , and t o examine v^e ther convent iona l t o o l s 
of p r o j e c t a n a l y s i s coviLd be extended to encompass i t 
i n economic e v a l u a t i o n of i r r i g a t i o n p r o j e c t s . 
COST-ESCALATION,ANALYSIS. 
143 . PANT ( N i r a n j a n ) , Major and medium i r r i g a t i o n 
p r o j e c t s : a n a l y s i s of c o s t e x c a l a t i o n and delay 
i n complet ion. Econ & Pol Wkly^ 17, 26; 1982, 
J e , 6; A 34-42. 
Delays i n completion and i n c r e a s e i n p r o j e c t 
c o s t s of major and medixjm i r r i g a t i o n p r o j e c t s has been 
caus ing concern . This a r t i c l e reviews t h e f i nd ings of 
p a s t r e p o r t s on t h e s e phenomena and ana lyses the major 
r ea sons fo r the cos t i n c r e a s e as we l l as d e l a y s . F i n a l l y 
i t l ooks i n t o t h e i r r i g a t i o n p o t e n t i a l c r e a t e d by major 
and medixom i r r i g a t i o n p r o j e c t s as compared wi th minor 
i r r i g a t i o n p r o j e c t s and concludes t h a t every c ro re of 
rupees spen t on the minor schemes y i e l d g r e a t e r i r r i g a -
t i o n l a n d . 
154 
1 4 4 . RAO (J S R Mohan). Major causes fo r s l i ppages 
and remedial measiores i n i r r i g a t i o n p r o j e c t 
schedioles. B h a g i r a t h . 28 , 1 ; 1981, J a ; 
1 1 - 3 . 
The a r t i c l e d i s c u s s e s s l i p p a g e s i n p r o j e c t 
s chedu les which have become a r e g u l a r f e a t u r e i n the 
i r r i g a t i o n s e c t o r . I t l a y s emphasis on thorough over-
hau l ing of t h e o r g a n i s a t i o n a l s e t - u p of t h e p r o j e c t s and 
i t s be ing t aken-over by t h e Cen t r e . There must be over -
a l l p l ann ing of a l l t h e contemplated p r o j e c t s as a v^ole 
wi th r e s p e c t to t h e a v a i l a b i l i t y of men, money, m a t e r i a l 
and machinary, 
PROJECTS, CROPPING INTENSITY, GUJARAT, MAHIKADANA PROJECT, 
145. JAYARAMAN (T K). Multiple cropping and crop 
d ive r s i f i c a t i on . Commerce, 139, 3577; 1979, 
Annual Number; 87-93. 
Cropping i n t e n s i t y i s influenced by many fac to r s , 
most important i s a v a i l a b i l i t y of water . Perrennial i r r i -
gat ion opens up the p o s s i b i l i t i e s o f grea ter d ive r s i f i ca t ion 
in cropping. The paper s tud ies the cropping in tens i ty over 
time and i t s determinants in an i r r i g a t i o n projec t in 
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I t dea l s wi th t h e year t o yea r cropping i n t e n s i t y i n 
Mahi-kadana I r r i g a t i o n P r o j e c t i n p a r t i c x i l a r , 
DEVELOPMENT. 
146 . SINGH (Hardev) , Green r e v o l u t i o n o r grey 
E a s t e r n Econ. Annual Number; 1972, De, 29; 
1390-1404. 
The a r t i c l e dea l s wi th the p r o g r e s s t h a t a g r i -
c u l t u r e has made u p t i l now, and t h e shor t -comings t h a t 
have been observed. The most s i g n i f i c a n t s i n g l e f a c t o r 
t h a t can p rov ide t h i s country wi th a s^teady l e g e l . o f 
a g r i c u l t u r a l p roduc t ion i s freedeom from t h e vaga r i e s 
of n a t u r e . The co\aitry can no t f e e l s ecu re u n l e s s ni«re 
than 50% of t h e cropped a r ea as assured of p e r r e n i a l 
i r r i g a t i o n . The author has a s s e s s e d t h e \ i l t ima te i r r i g a -
t i o n p o t e n t i a l and the development upto 1970-71 t ak ing 
i n t o c o n s i d e r a t i o n t h e major, mediiom and minor p r o j e c t s ; 
and t h e development t h a t w i l l r e s u l t a f t e r t h e complet ion 
of a l l major and medium p r o j e c t s xmder c o n s t r u c t i o n . 
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ANDHRA PRADESH, TUNGABHADRA. 
147. VENKATARATNAM (L), Irrigation development 
and its problems under Tungabhadra Project 
Low level canal, Indian J Power River Valley 
Devel, 21, 12; 1971, De; A81-
The article describes the soil type, the natiire 
of salts. The soils are suitable for different intensi-
ties of irrigation. The project was designed for dry-cum 
wet irrigation and was the first to be lirought vmder 
light and heavy irrigation intensity. The irrigation sys-
tems like border strip furrow irrigation were visualised. 
The development of wet ayacut has been encouraging. 
ECONOMIC FEASIBILITY, 
1A8. SHANKARAN (N L), Method of evaluation of 
irrigation projects in India: Need for improve-
ment, Bhagirath. 25, 2; 1978, Ap; 74-81, 
Economic feasibility of a project is determined 
by examining if the total benefits that result from it 
would exceed those which would occure without it by an 
amount in excess of the project cost. Economic feasibility 
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depends technical f e a s i b i l i t y which assures the bene f i t s . 
In the case of water resources pro jec ts for whose cons-
t ruc t i on public funds are used, monetiiry f e a s i b i l i t y i s 
contingent on economic f e a s i b i l i t y . 
149. WADE (Robert) . Performance of i r r i g a t i o n 
p r o j e c t s . Econ & Pol Wklv. 11 , 3; 1976, J a ; 
63-6. 
Under u t i l i s a t i o n i s a common fea ture of canal 
i r r i g a t i o n schemes almost every D^ere in the world. Com-
monly, the contr ibut ion of these schemes to ag r i cu l tu ra l 
output i s also s ign i f i can t ly l e s s than expected, so i s the 
r e tu rn on investment. 
The paper deals with the s t r u c t u r a l charac te r s t i c s 
of i r r i g a t i o n projects - t h e i r economic, technical and 
organisa t ional a t t r i b u t e s - t h a t explain t h e i r systematic 
veering from pre-assigned pa ths . Those a t t r i b u t e s are 
spec ia l ly highl ighted which are not normally emphasised 
in conventional economic ana ly s i s . The paper, while deal -
ing with canal i r r i g a t i o n in general , draws on Ind i a ' s 
experience for most of the i l l u s t r a t i o n s . 
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EVALUATION. 
150 , NAIR (E Narayanan) , S o c i a l c o s t - b e n e f i t 
a n a l y s i s and i r r i g a t i o n pro ejects. Yo.jana, 
2 3 , * 9 ; 1979, Oc, 16; 13-4 . 
In t h e a g r i c t i l t i i r a l s e c t o r , i r r i g a t i o n p r o j e c t s 
had dominated i n t h e p a s t and even in t h e f u t u r e t h i s w i l l 
be s o . The Cent ra l i r r i g a t i o n department wi th i t s h e i r a -
c h i c a l o r g a n i s a t i o n a l s e t - u p a t s t a t e - l e v e l under takes 
v a r i o u s i r r i g a t i o n p r o j e c t s . Hera, a few methodological 
i s s u e s have been posed i n t h e p r o j e c t e v a l u a t i o n procedxire 
being p r a c t i s e d by t h e governmental o r g a n i z a t i o n s espe-
c i a l l y f o r t h e s e i r r i g a t i o n p r o j e c t s , 
FERTILIZER CONSUMPTION PATTERN, GUJARAT, CASE STUDY. 
151. JAYARAMAN (T K). Consumption of f e r t i l i s e r s in 
i r r i g a t i o n pro jec ts under u n c e r t a i n t i e s : Case study 
from Gujarat. Mar/gin, 14, 4; 1982, J l ; 41-9. 
Underu t i l i sa t ion of i r r i g a t i o n f a c i l i t i e s created 
throiigh massive investment has been subject of serious con-
cern to planners and policy makers. Even in those pro jec ts 
where the i n f r a - s t ruc tu r a l works for taking water to indivi-
dual farmer 's f i e lds and for removal of excess water were 
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completed as part of the Command area development 
programme, the non-realisation of projected crop pat-
terns has been traced to uncertainties in irrigation 
supplies. The paper examines the pattern of fertiliser 
consumption whose role in irrigated agriculture has been 
recognised to be most crucial for realising potential gains. 
FINANCIAL RETURNS, ORISSA, SAMBALPUR, HIRAKUND PROJECT 
152. EASTER (D William). Neglected opportunities in 
irrigation, Econ & Pol Wklv, 9, 14; 1974, 
Ap, 6; 557-64. 
This article considers two different programmes 
which attempt to improve water use and management in Eastern 
India. One concerns the Hirakud Project, which irrigates 
282,000 acres in Sambalpur district of Orissa, the other is 
in Raipur district. Both projects attempt to improve water 
use and management of existing irrigation. The Raipur pro-
ject is capital intensive and costly relative to the Sambal-
pur project. This article reports on the internal rates of 
return from these projects and highlights the importance of 
technically trained people and alternative designs in making 
projects viable. 
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INTEGRATED, ANDHRA PRADESH, NALGONDA. 
153. REDDY (G Gopala). Gaddipalli experiment. 
Kurijkshetra. 25, 21; 1977, Ag, 16; 31-3. 
Gaddipath village in a taluk of Nalgonda district 
coijld not use the water of Lai Bahadur Shastri Canal, the 
main left bank out-let of the Nagar Juna Sagar Reservoir 
for irrigation. The canal was below the level of village. 
The Mahatma Gandhi Lift Irrigation Cooperative Society, 
established in 1969, made all the difference. The scheme 
was designed as an integrated project covering lifting of 
water, construction of structures and regulators for effi-
cient water management. 
KOSI, INSTITUTIONAL REFORM, BIHAR. 
154. APPU (P S). Unequal benefits from Kosi develop-
ment: Cost of bypassed institutional reform. Econ 
and Pol Wkly, 8, 24; 1973, Je, 16; 1076-81. 
The Giant Kosi project has ushered in a new era of 
agricultural prosperity for Bihar. The benefits have, however, 
been shared equally, the bulk of the gains accruing to 
substantial land owners. The utter neglect of institutional 
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reform has proved to be a formidable d e t e r r e n t to t h e 
^ t \ j r e u t i l i s a t i o n of i r r i g a t i o n p o t e n t i a l . This paper 
g ive s an o u t l i n e of some \ i rgen t ly needed i n s t i t u t i o n a l 
changes . 
LABOUR ABSOPTION, DETERMINANTS, GfUJARAT, MAHI KADANA. 
1 5 5 . JARARAMAN (T K). Labour a b s o r p t i o n i n i r r i g a t e d 
a g r i c u l t u r e : Some e m p i r i c a l i r r i g a t i o n p r o j e c t i n 
Gujara t S t a t e . Margin. 14, 2 ; 1982; AO-5. 
The u n c e r t a i n t i e s i n i r r i g a t i o n s u p p l i e s fo rces 
farmers to seek a l t e r n a t e sources tho^agh they a r e more 
expensive than su r face i r r i g a t i o n . Water i n t e n s i v e crops 
a r e r a i s e d i n t h e upper r e g i o n and drought r e s i s t a n t crops 
i n t h e lower a r e a s . The o b j e c t i v e of t h i s papers i s to 
s t u d y t h e de terminants of l abour a b s o r p t i o n under such 
c o n d i t i o n s i The da ta i s based upon t h e Mahi-Kadana i r r i -
g a t i o n p r o j e c t , 
MACRO PLANNING, GUJARAT, MAHI-KADANA. 
156 . SUNDER (Pushpa) . Kadana p r o j e c t : Exe rc i se i n 
a r e a development. Econ and Pol Wkly. 5, 44; 
1971, Oc, 30; 2231-3 . 
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The project on the Mahi river in Gujarat 
represents a macro approach to the development of an 
area viewing provision of irrigation, supply of ferti-
lisers as part of an integrated and concurrent develop-
ment plan. The article deals with its various phases, its 
planning and the prospects of paddy cultivation. 
MAJOR, SELECTION. 
157. CHATTERJEE (A). Note on criterioji for selection 
of irrigation projects. Econ Affairs^ 16, 1-2; 
1971, Ja-Je; 79-85. 
The purpose of this article is to evaluate 
9 
different criteria that have been evolved for selection 
of irrigation projects from the stand point of their effec-
tiveness in providing adequate operational tool in the 
hands of the public administrator. This discussion has been 
confined to major irrigation projects and medium irrigation 
projects and has excluded cases of all minor irrigation 
schemes. 
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MANAGEMENT, EVALUATION. 
158. BOTTRALL (A F). A suggested approach to 
evaluating organization and management in 
agriculture with particular reference to 
large irrigation pro;3ects. Devel Policy 
AdJn Rev« 4, 1; 1978, Ja-Je; 1-19. 
The paper attempts to provide a specific illus-
tration of the need for such an approach but out-lining 
a suggested methodology for evaluating the organisation 
and management of already established irrigation project. 
The essential element in the appraisal of new projects 
of irrigation should be evaluation of the past performance 
and management of existing projects. In certain countries, 
including India, it is common practice for government agen-
cies to carry out regular evaluations or irrigation project 
performance, but these tend to be limited to technical and 
economic analyses, 
OBJECTIVES, M.P., TAWA PROJECT. 
159. HIREMATH (MP). Tawa Project. Bhagirath. 
26, 1; 1979, Ja-Mr; 5-11. 
The article deals with the Tawa Project, which is 
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the first of the many projects which have been concleved 
for the utilisation of the water potential of the Narmada, 
The basic objectives of the project have been discussed 
in detail and the important features have been given. The 
different canals cannected to it have beei dealt with too, 
PLANNING. 
160. BALESHWARNATH, I r r i g a t i o n pro jec t s and t h e i r 
problems. Yojana. 9, 4; 1965, Fe, 28; 6-8. 
Major, medium, or minor, a l l i r r i g a t i o n pro jec ts 
have the same aim - to make-up tiie deficiency in moisture 
content of the s o i l , and ensure a good growth of crops. 
Whatever the nature and s i ze of the source, there i s no 
difference in the operat ional techniques a t the f i e ld 
l eve l t h a t i s , when water i s applied to crops . In t h i s 
a r t i c l e problems r e l a t i n g to planning have been discussed. 
I t suggests t ha t bifxjrcation of i r r i g a t i o n a l and drainage 
a c t i v i t i e s in to d i f ferent departments and min is t r i es i s 
not conducive to the bes t u t i l i s a t i o n of water resources . 
I t i s time tha t the subject of i r r i g a t i o n i s reviewed in 
i t s en t i r e ty by a high l eve l commission to evolve an i r r i -
gat ion pol icy tha t ensure the speediest and best improve-
ment of agricultuih^l p roduc t iv i ty , making use of the l a t e s t 
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s c i e n t i f i c and t e c h n o l o g i c a l advances i n t h e f i e l d . 
POWER REaUlREMENTS. 
1 6 1 . RAO (K L ) , Chal lenges i n i r r i g a t i o n and power 
p r o d u c t i o n . Wkly Round Table» 3 , 23 & 24; 
1974, Ag; 4 - 7 . 
The problem I n d i a i s f ac ing a t p r e s e n t i s how to 
i n c r e a s e i t s p r o d u c t i o n . The p r e s e n t s t r a t e g y l a y s empha-
s i s on i n c r e a s e d use of f e r t i l i s e r s . In t h e long term, t h e 
p r i o r i t y should be for i r r i g a t i o n and n o t f e r t i l i s e r s . As 
an immediate n a t i o n a l t a s k I n d i a should t r y to complete 
l a r g e i r r i g a t i o n p r o j e c t s . I r r i g a t i o n i n I n d i a r e q u i r e s 
t h e h a r n e s s i n g of the under-ground water r e s o u r c e s as 
w e l l . There i s need t o i n v e s t i g a t e and under t ake p r o j e c t s 
for i n t e r - b a s i n t r a n s f e r of water and a l s o supplying 
wate r through l i f t i r r i g a t i o n . For a l l such p r o j e c t s 
power i s r e q u i r e d . 
PRIORITIES, ANALYSIS. 
162 , PUTTASWAMAIAH (K). I r r i g a t i o n and a g r i c u l t u r a l 
development. Southern Econ« 16, 10; 1977, 
Se , 15; 17 -9 . 
With more than f i f t y p e r c e n t of t h e c o u n t r y ' s 
i r r i g a t i o n p o t e n t i a l s t i l l remaining u n u t i l i s e d and wi th 
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the need to augment agticultxaral production remaining 
urgent as igver, the planners* spec ial emphasis on irri-
gation projects is under standable. In this paper, the 
author analyses the general principles that are followed 
and norms observed in determining project priorities in 
irrigation. 
PROBLEMS, BIHAR, KOSI PROJECT. 
163. KHARE (S B). Problems of Kosi Project. 
Bhagirath^ 25, 1; 1978, Ja; 3-8. 
Of the many irrigation projects taken up for 
construction by the State government during the Plan 
period, Kosi and Gandak projects in North Bihar are 
notable. The article discusses the Kosi project and the 
various problems which are delaying it. These are the 
ijnasual silt accumulation, slow progress in the exten-
sion of the canal system, deficiencies in engineering 
works. Command Area Development and the cropping pattern, 
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PROBLEMS, MAHARASHTRA, MALKHED PROJECT. 
164. KASTURE (A R). Under utilization of irriga-
tion potential in Maharashtra. Yo^ jana^  19, 5; 
1975, Ap; 15. 
In a pilot siirvey of Malkhed Project to find out 
causes of the under-utilisation, it was realised that chan-
nels were not properly maintained. There was not enough 
co-operation among farmers. There were no demoniration 
farms under the command area. Government levy and land-
ceiling rviles are the two factors coming in the way of 
full utilisation of irrigation resources. Only effective 
communication of practical irrigational methods iswhat is 
wanted. 
TAMIL NADU, COIMBATORE, LOWER BHAVANI. 
165. RAJU (AN). Lower Bhavani project: Genesis 
and potential. Kisan World. 5, 6; 1978, 
Je; 7-9. 
To make up for the deficit of cotton, the 
Government desired to push through an irrigation scheme 
solely for cotton production and locate it near Coimba-
tore. The Lower Bhavani, essentially, a cotton growing 
project, was the result. The ar,*:icle traces the history 
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of the project and the different problems arising 
in its functioning over the years. The problems 
are related to the different types of crops 
dry and wet and the Government orders about the 
crops that should be raised, 
PROGRESS. 
166, NIJALINGAPPA (S), Two v i t a l needs: 
I r r i g a t i o n and power. AICC Econ Rev» 
20, 13-14; 1969, Ja , 26; 5-6, 
To increase the production of food and other 
raw mate r ia l s , agr icu l tu re has to be given the 
necessary boost . The f i r s t essen t ia l thing i s i r r i -
ga t ion , The author reviews i t s progress and pin-points 
the problems tha t a r i s e in the development of i t s 
pro jec ts — major or mediijun. The want of proper plan-
ning i s the bas is of s h o r t - f a l l s in t he i r implementa-
t i o n . The minor i r r i g a t i o n p ro jec t s , which can be l ess 
expensive and easier to e s t ab l i sh , have been discussed 
sepa ra te ly . 
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RURAL ECONOMY, ANDHRA PRADESH, NAGARJUNASAGAR. 
1 6 7 . NAGABHUSHANAM (K) and RAO (Sarveshwara) . Soc io -
economic survey of t h e Nargar junasagar p r o j e c t 
a r e a , I nd i an J Power & River Val ley Devel , 20, 
22; 1970, F e ; 58-64. 
The p r o j e c t i s i n t ended to p rov ide in i t s f i r s t 
phase i r r i g a t i o n f a c i l i t i e s t o 11.24 l a k h s of ac re s on 
t h e r i g h t bank canal s i d e . This a r t i c l e b r i n g s ocut 
c l e a r l y t h e genera l backwardness of t h e r u r a l economy of 
t h e p r o j e c t a r ea and t h e n a t u r e of mejrgre r e s o u r c e s a t 
t h e command of the f a r m e r s . 
SALIENT FEATURES, KERALA, PERUVANNAMUZHI, KUTTIYADI 
PROJECT. 
168. BHARATHAN (K). Kutt iyadi i r r i g a t i o n p ro jec t . 
I r r i g a t i o n and Power^ 31, 1; 1974, Ja ; 7-10. 
The paper discusses the s a l i en t featxares of the 
Kuttyadi I r r i g a t i o n Projec t under execution a t Peruvanna-
muzhi in Kerala. Designed to i r r i g a t e areas in the Kut t i -
yadi r i v e r basin and the neighbouring basin of Korapuzha 
and Maha Rivers , i t envisages the construct ion of a 
masonry dam across the r i v e r . 
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WATER ACCOUNTING. 
169, WADE (Robert), Water accounting in irrigation 
projects: A technique from Maharashtra, Econ 
& Pol Wkly, 11, 35; 1976, Ag, 28; 1398. 
Too much attention has been given to Irrigation 
hardware in India, too little to the software. There are 
good reasons ibr suspecting that large improvements in the 
performance of canal Irrigated agriculture are possible 
by means of (low cost) changes in the administrative machi-
nary within the limits set by existing physical structures. 
More attention needs to be paid only to better 
enforcement of crop zoning, but also to the more obvious 
and more neglected question of how to get better feedback 
to the canal operators about crops and location and encour-
age them to use that information to exert better control 
over water, 
WATER DISTRIBUTION SYSTEM, GUJARAT, MAHI KADANA PROJECI 
170. JAYARAMAN (T K). Rotational water distribution 
A case study of Mahi Kadana Project. Yo.jana. 
24, 3; 1980, Fe, 16; 23-5. 
Rotational water distribution is a unique instrtiment 
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to raise productivity per unit of water through ens\aring 
an equal amount of water per hectare for all farmers 
below the outlet level regardless of their economic and 
social or spatial differences. In this article it is 
explained how this system was successfully implemented 
on an experimental basis in Mahi Kadana Project in Gujarat 
State. 
MANAGEMENT, DAMODAR VALLEY CORPORATION, WEST 
BENGAL. 
171. BHATTACHARYYA (A K). Irrigation and water 
management by the Damodar Valley Corporation. 
J Devel Studies. 15, 1; 1978, Oc'; 3^56. 
This paper seeks to measure, with reference to 
the first decade of its operation how much of the Damodar 
flow has been controlled by the DVC System and whether 
sufficient water is available in the river and in the reser-
voirs to provide irrigation in more than one crop season 
in the valley. The author has analysed the irrigation faci-
lities providedlyiheDVC and has examined the nature of the 
supplemental irrigation now being provided by the DVC and 
whether sufficient water is available for a two or three 
crop year programme in the valley. 
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REOaiREMENTS, BHAKRA NANGAL. 
172. HOON (R N). Development of irrigation and 
•water requirements for areas served by Bhakra. 
Indian J Power and River Valley Devel, 24, 8; 
1974, Ag; 233-9. 
This paper has tried to study the requirements 
as laid down by the Bhakra Nangal Project regarding 
recommendations of various specialised agencies for im-
proving water allowances. The analysis of the water 
available against the requirements have also been made. 
It is brought out that unlessthe waters from the Sutlej 
and the Beas are fully harnessed, much head-way can not 
be made towards fiorther improvement in agriculture. It is 
also significant that tubewells which have sufficient 
availability of irrigation water require to be developed 
further. 
TABLE FLUCTUATIONS, BIHAR, KOSI EASTERN CANAL 
COMMAND. 
173. GUPTA (B P). Effects of rainfall and irrigation 
on vmter table in Kosi Eastern Canal Command. 
Indian J Power and River Valley Devel. 23, 6; 
1973, Je; 204-7, 197. 
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R a i n f a l l and i r r i g a t i o n supply a f t e r reDlcn i sh ing 
the moisti jre de f ic iency of s o i l mass r a i s e the londerground 
water t a b l e . By s tudying water t a b l e f l u c t u a t i o n s and 
r a i n f a l l i t has been sugges ted to c lo se t h e Eas te rn Kosi 
Canal i n h o t weather season to lower the water t a b l e and 
to r enova t e t h e s i l t e d and choked-up beds of dra inage to 
i n c r e a s e t h e capac i ty for su r f ace runof f . The t a b l e s g ive 
depth of i r r i g a t i o n supply , and average i r r i g a t i o n in 
eadh month. 
REGIONAL IMBALANCES, HARYANA. 
174. JASBIR SINGH, Regional imbalances and temporal 
development i n i r r i g a t i o n f a c i l i t i e s in Haryana. 
Geogr Rev of I n d i a , 36, 2; 1974, J e ; 102-12. 
In Haryana, markedly n o t i c e - a b l e r e g i o n a l imbalances 
i n t h e i n t e n s i t y of i r r i g a t i o n e x i s t d e s p i t e the i n s t i t u t i o n 
of many i r r i g a t i o n schemes a f t e r the complet ion of Bhakra 
Canal System. The i n t e n s i t y i s very high in the f lood p l a i n s 
In South-Western and Nor th -Eas te rn p a r t s ' i n t e n s i t i e s a r e 
modera te . Such s i t u a t i o n s of i r r i g a t i o n f a c i l i t i e s keep 
farming in a p r e c a r i o u s and u n s t a b l e c o n d i t i o n . The volume 
of change in t h e i n t e n s i t y of i r r i g a t i o n observed a n e g a t i v e 
t r e n d with t h e popu la t ion i n c r e a s i n g every y e a r , i r r i g a t i o n 
has t o have a new purpose—to develop a comprehensive system 
of i r r i g a t i o n towards i n c r e a s i n g p r o d u c t i o n . For the 
achievement of t h i s aim, a l l development 
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in irrigation should -work backwards from the agricultural 
potentials of an area into irrigation and not from irri-
gation into agricultxore. 
RESERVOIRS, DROUGHT PRONE AREAS PROGRAMME, BIHAR, PALAMAU 
175. SHARMA (Indradeo). D.P.A.P. irrigation reservoirs 
in Palamau: Note on poor performance. J Soc & 
Econ.Studies. 9, 1; 1981, Mr; 99-109. 
In Palamau, irrigation has been assigned the key-
role under the D.P.A.P. programme. A good number of irri-
gation schemes have come up. However, these schemes exhibit 
largS gaps between their planned potential and actual uti-
lisation. The unsatisfactory ppiformance of a scheme can be 
explained in terms of the supply problem. The poor perfor-
mance is inherent in the very design of these schemes, 
which is based on xxnrealistic assumptions and incomplete 
data. It is to high-light this aspect of the problems that 
this paper is devoted. 
RIVER BASIN, CAUVERY, WATER SUPPLY, AUGMENTATION, 
METHODS, TAMIL NADU, THANJAVUR. 
176. SIVANAPPAN (R K). Scope for increasing water 
potsntial in Cauvery Basin to supply Thanjavur 
district. Kisan World. 5, 8; 1978, Ag; 1^8. 
175 
The river Cauvery flows through Karnataka and 
Tamil Nadu. The two states have not overcome their dispute 
over the river waters. The main problem is how to get more 
water in the basin for both the states. Further there is 
need for a scientific, quantitative and qualitative assess-
ment of groxmd-water resources. This paper suggests a few 
methods to augment the water supply to irrigate the exist-
ing and proposed area in the basin. 
PLANNING. 
177. AGARWALA (Virendra). Utilization of irrigation 
potential. Yo.iana. 23, 4; 1979, Mr, 1; 12-3. 
In view of the complete inadequacy of water resour-
ces to meet the agricultural and other requirements, it 
becomes a matter of great national importance that the 
available resources are conserved and utilised most judi-
ciously and economically. There has to be proper planning 
for water use with river basins as natviral units of such 
plans. There should also be provision for a comprehensive 
outline of development possibilities of land and water 
resoiorces of basins. This article lays emphasis on esta-
blishing priorities in respect of water uses for various 
purposes. 
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RIVERS, INTERLINKING, BRAHMAPUTRA-CAUVERY. 
178. UMMAT (R C) . From Brahmaputra to Cauvery. 
Eas t e rn Econ. 75 , 4 ; 1980, J l , 25 ; 272-3 . 
A new n a t i o n a l p e r s p e c t i v e p l an f o r t h e develop-
ment of t h e water resoiorces of the coiintry has been 
t h r o u g h t of by the Union Min i s t ry of I r r i g a t i o n . The scheme 
envisages t h e development of t h e water r e s o u r c e s of the 
Himalaya r i v e r s and t h e p e n i n s u l a r r i v e r s s e p a r a t e l y i n t h e 
beg inning by i n t e r - l i n k i n g r i v e r s i n t h e two r e g i o n s . The 
f i r s t such programme was proposed in 1972. I t i s known as 
t h e Ganga-Cauvery l i n k . P r i o r i t y w i l l be accorded to the 
development of pen in su l a r i v e r s . The development programme 
has four segments, an of which a r e r e l a t e d to i r r i g a t i o n deve-
lopment schemes. 
MODEL STUDY, PUNJAB AND RUPAR BARRAGE, SUTLEJ. 
179. GAJINDAR SINGH and SHARMA (B D) . Tra in ing of 
S u t l e o r i v e r below Rupar headworks fo r the p r o -
t e c t i o n of B i s t Doab Canal : Model s t u d i e s . 
Ind ian J Power and River Valley Devel» 22, 12; 
1972, De; 479-84. 
S u t l e J r i v e r below Rupar ba r r age s t a r t e d eroding 
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i t s r i g h t bank of B i s t Doab Canal . The r i v e r edge had 
come c l o s e to t h e canal causing apprehens ion of i t s 
t a k i n g evu l s ion and p a r a l y s i n g t h e e n t i r e i r r i g a t i o n 
system of t h i s c a n a l . The a r t i c l e d i s c u s s e s the model 
of S u t l e j r i v e r , Ruper b a r r a g e t h a t was c o n s t r u c t e d . The 
model was r\in with d i f f e r e n t d i scha rges and d i f f e r e n t 
remedia l measures were examined. The model s t u d i e s he lped 
t o b r i n g forward c e r t a i n p roposa l s for c o r r e c t i v e measures . 
WATER CONSERVATION. 
180, VOHRA (B B ) . Needed: A n a t i o n a l p o l i c y for 
wa t e r . Eas te rn Econ, 76, 22; 1981, My, 29; 
1306-7. 
A water p o l i c y should concen t r a t e on the conser -
v a t i o n t o t h e maximum p o s s i b l e ex t en t of water as s o i l 
mol'sture and ground-water . The a r t i c l e d i s c u s s e s t h e 
r i c h d iv idends which such a p o l i c y would pay . So i l would 
be saved. Floods woijld be reduced . A g r e a t deal of water 
now l o s t to the sea would be conserved as ground-water . 
The b e n e f i t s which a d d i t i o n a l s u p p l i e s of ground-water 
would confer a re many. E f f o r t s must be made, t h e au thor 
s u g g e s t s , to unde r - t ake a r t i f i c i a l r e cha rge where ever 
p o s s i b l e . 
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SOIL, SALINITY, ANALYSIS. 
1 8 1 , GULATI ( O P ) . S o i l s a l i n i z a t i o n under 
i r r i g a t e d c u l t i v a t i o n . Ind ian J Agric S c i . 
4 1 , 12; 1971, De; 1073-8 . 
The accumulat ion of s a l t s i n the r o o t zone 
depth under water cyc les ( i r r i g a t i o n and evapotrans 
p i ra t ion) was ana lysed . Assumptions such as l i n e a r d e p l e -
t i o n of moist \ i re through r o o t zone dur ing evaportran^iirat ion & 
p o s i t i v e d isplacement of s o i l water wi thou t mixing dur ing 
l e a c h i n g were made to s impl i fy the problem fo r a n a l y s i s . 
The s a l t b u i l d up i n t h e roo tzone during t h e growth season , 
where s e v e r a l i r r i g a t i o n - evapotrans p i r a t i o n cyc les a r e 
invo lved , can be a s c e r t a i n e d . 
SOLAR ENERGY USE, THAR DESERT, RAJASTHAN. 
182. RAJVANSHI (Anil K). I r r i g a t i n g the Thar 
Desert with solar energy. Eastern Econ, 
78, 9; 1982, Mr; 562-4. 
This a r t i c l e deals with i r r i g a t i o n prospects 
in the deser t in India by using the unlimited solar 
energy in the Thar. The heat of the s\m wi l l warm the 
water, which wi l l be pumped by windmills through conc-
r e t e p ipe s . The scheme, i t i s estimated, wi l l be cos t ly . 
The a r t i c l e gives the d e t a i l s of the design and the cost 
of the sys tan . 
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TECHNICAL PROBLEMS. 
183. GUPTA (R N). Right way to irrigate crops, 
Kurukshetra. 26, 24; 1978, Se, 16; 39-41. 
Some important problems of decision making are 
the method of application and the size of the plot, 
amount of water to be applied so that there is minimum 
leaching beyond root zone and the frequency of irriga-
tion. The author elaborates upon these technical prob-
lems and offers a few solutions to achieve maximum 
irrigation efficiency. 
TECHNOLOGY, LABOUR INTENSIVE. 
184. PADHYE (M G), Labour intensive technology in 
water resources development projects. Bhagi-
rath, 27, 1; 1980, Ja-Mr;* 10-3. 
The construction of large irrigation works 
required to increase'the food and fibre production can 
offer a real opportunity for additional employment. Since 
the nature of minor schemes involving surface trater uti-
lisation are expected to be by-and large similar in cha-
racter to other schemes, the paper also applies to such 
minor schemes. In deciding whether labour intensive or 
machinary intensive techniques should be adopted in 
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execu t ion of such problems a n\imber of f a c t o r s have 
been taken i n t o c o n s i d e r a t i o n . 
PUMP-SETS. 
185. VISHWANATH. Pumpsets and tubewells. 
Kurukshetra. 24, 5; 1975, De, 1; 9-10. 
In the sixties it was realised that minor 
irrigation sources, mostly tapping of ground-water 
potential which is found in abundance in most parts 
of the country, are required. This is not new in India, 
but modern technology has changed the concept of exploit-
ing the ground water potential. Now the devices in use 
are tubewells and pumpsets. Power pumps are most impor-
tant. The author discusses the advantages involved in 
utilising power pumps, which helps in increasing food-
grains output, thereby decreasing food imports, 
RESEARCH, UTTAR PRADESH, GHAZIPUR. 
186. GHATE (P B ) . Irrigation for very small farmers: 
Appropriate technology or appropritate organiza-
tion. Econ & Pol Wkly. 15, 52; 1980, De, 27; 
A 161-72. 
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This paper cons ide r s t h e r e s u l t s of on-going 
a c t i o n r e s e a r c h in t h e f i e l d of i r r i g a t i o n f a c i l i t y 
fo r farmers i n Ghazipur d i s t r i c t , E a s t e r n U.P . I t 
f i r s t c o n s i d e r s two examples of hardware s o l u t i o n s : 
t h e twin p lunger i r r i g a t i o n hand-pump and the i r r i g a t i o n 
wind m i l l r e c e n t l y being developed in Ghazipur . The paper 
concludes with a c o n s i d e r a t i o n of two o r g a n i s a t i o n a l sof t -
ware s o l u t i o n s : mobile pumpsets shared between a group of 
f a rmer s ; and s t a t e , community of agency t u b e w e l l s . 
WIND MILL, UTTAR PRADESH, GHAZIPUR. 
187 . HANUMAN PRASAD. Windmill : An experiment t h a t 
can boos t wea l th . Kurukshe t ra . 29 , 14; 
1981, Ap, 16; 12-4 , 23 . 
The t e c h n o l o g i c a l development of wind-mil l of 
t h e Nether lands has been used by farmers of I n d i a , thus 
sav ing them the expend i tu re on d i e s e l . The use of wind-
m i l l by farmers and i n s t i t u t i o n s has proved t h a t i t can 
be adopted as an a l t e r n a t i v e i r r i g a t i o n d e v i c e . This 
a r t i c l e dea l s with the implementat ion of the p r o j e c t in 
Ghazipur, U.P. 
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UNDER GROUND, PIPELINES, FLOW METER. 
188 . ARORA ( D R) and RAO ( M S ) . Flow meter for 
tmderground i r r i g a t i o n p i p e l i n e s . Ind ian J 
ferric S c i . 4 1 , 1 1 ; 1971, Nv; 91A-9. 
A flow-meter f o r measuring the d i s c h a r g e throxogh 
r i s e r p i p e s of an underground i r r i g a t i o n water d i s t r i -
b u t i o n systena has been des igned . The flow i s d i r e c t l y 
measured i n terms of h e c t a r e cen t ime te r pe r hour both 
under f r e e and submerged flow c o n d i t i o n s . I t w i l l enable 
d e l i v e r i e s of water i n proper amounts and therefore wOl cut-
down w a s t e . I t w i l l pe rmi t e f f i c i e n t water use and p reven t 
l a n d damage. 
PIPELINE SYSTEM. 
189 . SIVANAPPAN (R K) and CHANDRASEKARAN ( D ) . 
I r r i g a t i o n through under gro\jnd p i p e s . 
Kisan World. 4 , 8 ; 1977, Ag; 2 1 - 3 . 
With t h e s c a r c i t y of l a n d i t has become necessa ry 
to p r a c t i c e i n t e n s i v e a g r i c u l t u r e i n a l l a v a i l a b l e l a n d s 
t o meet t h e growing needs of t h e p e o p l e . In such a s i t u a -
t i o n no segment of c u l t i v a b l e l and shoijad be wasted, even 
fo r t a k i n g i r r i g a t i o n w a t e r . The upper p o r t i o n s of t h e l and 
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considered as non-irrigable, should be brought under 
irrigation. The imder-groijnd pipeline system of convey-
ing water helps in this regard. The paper discusses the 
cost and poor workmanship involved in laying it. 
WATER APPLICATION, FJELD DEVICES. 
190. DASTANE (N G), MAHENDRA SINGH and BHATIA (P C). 
Increase in water efficiency with tools. 
Indian Farming. 14, 11; 1965, Fe; 20, 36. 
Economic and efficient use of irrigation water 
is a must in areas where water is costly or scarce. 
Various field devices are used in foreign countries to 
achieve maximum water application efficiency in fields. 
In India, however, their use is r3j:*e on account of in-
adequate appreciation of their utility. This article 
discusses some devices which can facilitate irrigation 
practice and also economise water. 
CHARGES, HISTORY. 
191. KANETKAR (B D). Pricing of irrigation service 
in India (185A-1859). Artha Vi.jnana. 2, 2; 
I960, Je; 158-67. 
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This article attempts to deal historically with 
the evolution of irrigation changes in India since 1854. 
The period 1854-1959 has been divided into three sub-
periods. The conclusions drawn from the enquiry were that 
the framing of irrigation charges has been local and ad-hoc; 
except in Punjab Canal Colonies, the users' were not con-
sulted in the framing of water tarriff; the serious short-caning 
of irrigation effort during all the three periods seems to 
be the absence of complementary public investment to ensiire 
quick and optional use of the service; neither on the old 
works nor on the Plan project are crop rates sufficiently 
differentiated with a view to providing adequate induce-
ments and det^ irrents appropriate to the food policy of the 
plans, 
MANAGEMENT, MAHARASHTRA. 
192. GADGIL (M V) and KANETKAR (B D ) . Some problems 
of management and pricing on the irrigation works 
in Bombay. Arthavi.jnana. 2, 3; 196o, So; 
220-9. 
In this article an attempt has been made to trace 
the development of management and pricing on the state 
irrigation works in Bombay since the close of the I9th 
century. It has been shown that the basic structure of 
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rates and the policy protective management of irrigation 
works have remained substantially imaltered through the 
six decades. Some of the defects in herent in seasonal 
rates system have been pointed out. The effects of an 
overall increase in water charges implemented in 1954-55 
on governmental revenues have been examined and the scope 
for further increase indicated. 
WEST BENGAL. 
193. BANERJEE (Sarmila). Pricing of i r r igat ion water 
in West Bengal. Arthanit i . 19; 1978-79; 87-97. 
In this paper, s tar t ing with an assessment of the 
importance of i r r igat ion in increasing agricultural pro-
ductivity through intensive cviltivation, the author has 
t r i ed to rat ional ise the determination of i rr igat ion water-
r a t e . A simple analytical structure for determining average 
i r r igat ion water-rate has been suggested and the socially 
desirable structiore of water-rate will be considered with 
special emphasis on the implementation aspect. 
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194. BHATTACHARJEE (Kalyanbrata). Irrigation 
costs. Yo.iana. 18, 20; 1974, Nv, 15; 
18-9. 
This study is confined to the state of West 
Bengal, >«here two systems of charging water rates are 
prevalent. They are agreement rates and improvement 
levy. There must be a rational in determining water 
rates so that the benefits accruing from provision of 
irrigation facilities are equitably shared by the far-
mer and the society. 
CONSERVATION, ECONOMY. 
195. TAMHANE (R V). Social and economic aspects 
of soil and water conservation. Indian J 
Agric Econ. 21, 2; 1966, Je; 67-70. 
There are many factors that impede the expansion 
of food production in India, which include among others, 
inadequate soil and water conservation measures. India 
has large water resource potential and a potential to 
grow crops on a year round basis. Excess of water during 
the monsoon rains frequently handicaps much of India's 
agriculture to the extent that it creates major problem 
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of surface drainage and contributes to water-logging. 
There are places in India where lakhs of acres couLd 
be improved and made productive by surface drainage at 
lesser cost and lesser time than required for develop-
ing new costly irrigation project. 
TECHNIQUES, DRY AREAS. 
196. SUNDARESAN (R) and NATARAJAN (B). Water manage-
ment techniques in dry land tracts. Kisan World. 
9, 2; 1982, Fe; 27-8. 
The existing shortages of water supply in the 
dry regions does not necessarily imply lack of waiter 
resources. With the necessary knowledge, the potential 
resources can be developed and additional water can be 
made available by improving water conservation and by 
more rational allocation of water among farmers. The 
article discusses some soil and water conservation tech-
niques for dry tracts. 
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CONTROL, PADDY FIELDS. 
197. SIVANAPPAN (R K). Water management in 
paddy fields, Kisan World. 7, 9; 
1980, Se; 71-5. 
The water requirement for rice is higher than 
the crops of similar dioration. In most canal irrigated 
systems irrigation is done from field to field. In this 
method there is no provision to precisely control water 
and hence nutrients may he carried away from upper to 
lower land. Water logging problems prevail. There are 
percolation and conveyance losses in rice cultivation. 
These problems need to be minimised to improve water-use 
efficiency. For this purpose data on the average daily 
water requirements and evapotranspiration for high yield-
ing varieties of rice, water requirement and various losses, 
average seepage losses in various channel type, effect of 
different methods of irrigation on the yield of rice varie-
ties and effect of moisture stresses on different high 
yielding varieties of paddy has been given in the form of 
tables. 
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SUGARCANE. 
198. SIVANAPPAN (R K). Water management for sugar-
cane. Kisan World. 5, 2; 1978, Fe; 22-6. 
Large amount of water is used for irrigating the 
cane crop, but very little attention has been paid to 
proper irrigation and better water management techniques 
for this crop- in India. Scientific water management of 
irrigation aims at maintaining soil moisture in root zone 
at the optimum level, releasing moisture as required by 
the plant. This article studies the water requirements of 
the crop and suggests sched\iling of irrigation, different 
methods for irrigating the crop and soil and water manage-
ment techniques to save water. 
DISTRIBUTION, PROBLEMS. 
199. VENKATA REDDY (M). Equitable distribution of 
irrigation water. K\irukshetra. 30, 9; 1982, 
Fe, 1-15; A-8. 
The purpose of irigation is to provide soil mois-
tijre in adequate qiontities in the immediate vicinity of 
plant roots. This purpose will be defeated if corredt 
amount of water is not applied. Excess of water may result 
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i n s a l i n i t y and i n s u f f i c i e n t water w i l l reduce s o i l 
moist i i re l e v e l r e s u l t i n g in low y i e l d s of c r o p s . 
Broadly, t h e o b j e c t i v e of t h i s paper i s to s tudy 
the impact of improper d i s t r i b u t i o n of water on crop 
y i e l d s . The view of farmers on e x i s t i n g water d i s t r i b u -
t i o n i n an o u t l e t command and t h e i r awareness of water 
management and w i l l i n g n e s s to fo l low t h e new system a r e 
h i g h l i g h t e d . The problems of implementing Warabandi to 
avo id xmequal d i s t r i b u t i o n and achieve e g a l i t a r i a n b e n e -
f i t s a r e d i s c u s s e d . 
ECONOMY, RESEARCH METHODS, TAMIL NADU. 
200, SIVANAPPAN (R K ) . Tamil Nadu's water economy 
and i t s problems. Kisan World, 4, 7 ; 1977, 
J l ; 6 - 9 . 
The problem of Tamil Nadu's water economy i s how 
t o conduct and expand i t under cond i t i ons of growing 
demand a g a i n s t a l i m i t e d water supply and a l so of d e t e -
r i o r a t i o n of water q u a l i t y . Thoiogh t h e r e a r e a number 
of ways to ba lance consumption and supp ly , i t i s necessa ry 
to combine the r e s e a r c h methods to ach ieve t h e o b j e c t i v e s . 
To s e l e c t a s u i t a b l e combination i t i s neces sa ry to exa-
mine t h e advantages and l i m i t a t i o n s of each of the methods 
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in detail. The possible means for solving the problems 
have been discussed in the detail. 
EFFICIENCY, TAMIL NADQ. 
201. SIVANAPPAN (R K). How to save water. Klsan 
World. 4, 3; 1977, Mr; 12-5. 
Impro"wed irrigation methods have been developed 
in order to economise the water requirements of crops, 
but have not been spread in Tamil Nadu, In the article, 
some of the methods which can be adopted in the fields 
to increase the efficiency of irrigation, have been 
siiggested. This article also suggests certain policies 
and programmes which are needed for better unitlSsation 
of the available water and management practices that can 
be followed for this purpose. 
MANAGEMENT, 
202. CHELLAPPAN (K). Water management: Need for a 
scientific approach. RxH'al India, 34, 1-2; 
1971, Ja-Fe; 7-10. 
The article deals with the importance of irriga-
tion in the Indian context which may be appreciated 
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in terms of certain specific roles which can be attributed 
to it. In the broad framework of soil climate, complex 
irrigation has a protective role against the vagaries of the 
monsoon, even with the given technology, mere provision of 
assured water supply can boost the productivity of existing 
inputs and for the introduction of new technology, irriga-
tion acts as a catalytic agent and has one of the crucial 
factors in the package of improved inputs and new technology. 
203. JAYARAMAN (T K). Water management to help 
small farms. Kxirukshetra. 28, 13; 1980, 
Ap, 1; ^11. 
The article deals with the water management programme 
for weaker sections, which covers two aspects, the deve-
lopment of productive resources and self sustained develop-
ment, which deals with promotion of skills and implementing 
capacity, and of institutional environments for effective 
use of existing resources. The anpirical content of the paper 
is drawn from the command area of an irrigation project of 
the three sections, the first deals with the essentials of 
water management at farm level, in the second, the delivery 
system is reviewed. Finally certain suggestions are offered. 
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204 . KAUL (S N ) . On water u s e in I n d i a . 
Margin. 6, 3 ; 1974, Ap; 146-56. 
The a r t i c l e d i s c u s s e s t h e u t i l i s a b l e su r f ace 
water p o t e n t i a l i n I n d i a and u t i l i s a t i o n by sources of 
i r r i g a t i o n p o t e n t i a l . I t emphasises t h e need for compre-
h e n s i v e p lann ing of water u s e for t h e e n t i r e economy and 
t o cons ide r i n t e r - b a s i n t r a n s f e r s of s u r f a c e wa te r . 
F i n a l l y , t he au thor appears to l a y s t r e s s on t h e importance 
of small schemes in s t a t e s to aijgment the use of groiond-
water p o t a a t i a l . 
CANAL. 
205. REGE (N D ) . Efficient management of canal 
irrigation:' need for hard decisions. ARDC 
News. 4, 2; 1977, Jl-Se; 32-7. • 
Water is still not being considered fully as 
'production input'. The emphasis in utilisation of 
irrigation water has been less on maximising if not 
optimising the crop yield. Irrigation is carried out 
without much attention to the interaction between soil 
and water, resulting in larger areas being damaged due 
to water logging and salinity, A few reasons for the 
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lack of proper utilisation of water have been 
enumerated in the article - lack of information 
on soil, absence of water distribution system, ab-
sence of field drainage system, land not being levelled 
or shaped, cropping pattern evolved at the time of the 
formulation of the project not being adhered to. 
WATER DELIVERY SYSTEM, NORTH INDIA. 
206. GfUSTAFSON (W Eric) and REIDINGER (Richard B). 
Delivery of canal water in North India and 
West Pakistan. Econ and Pol Wkly. 6, 52; 
1971', De, 26; A 157-61. 
In the context of modern agriculture in which 
the time of delivery of water is as important as its 
amount, there are signfleant defects in the way in which 
the water is delivered under the canal system. The idea 
of small scale water sales and swaps within a given area 
may seem radical but a nximber of contrasting irrigation 
systems in various parts of the world include such prac-
tices. One possible development to facilitate this might 
be some form of water users' associations, comprising all 
farmers on a given outlet or water course. 
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FACILITIES, CONTROLLED, PRICE, KERALA. 
207. JOSE (A V). Higher production through small 
irrigation projects. Coimnerce. 139, 3577; 
1979, Annual Number; 199-209. 
The agricultural sector in Kerala has been weighed 
down by population pressure. 
Unemployment and under-emplojmient are extensive. 
Rapid development of crop production, particiolarly rice 
"Will be possible only if controlled water management 
facilities are expanded at a rapid rate. The strategy of 
irrigation through contruction of hydel reservoirs has to 
be replaced by one which assigns particular emphasis to 
small irrigation projects tanks, wells and tubewells. 
FARMERS' INVOLVEMENT, ORISSA, PURI. 
208. JATI (P K) and SRIVASTAVA (K L). Attitude 
of farmers towards water management. Kurukshetra. 
25, 7; 1977, Ja, 1; 15-6. 
The coastal region of Puri district in Orissa is 
irrigated by the canals of Mahanadi Delta Irrigation 
Project. Topography is flat and rice is the main crop. 
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Farmers make injudicious use of canal water. This leads 
to heavy wastage of water. It also lowers the producti-
vity. To solve these problems, farmers are being intro-
duced to scientific water management. Since the water 
management practices are new in this area, a study, 
through personal interviews, was made. The specific 
objectives of the study were to know the extent of adop-
tion, non-adoption and relative adoption of different water 
managemsAt practices, the effect of canal irrigation on 
seasonal crop production, 
IMPROVEMENTS. 
209. EASTER (K ¥). Field channels: Key to better 
irrigation. Water Resour Res, 11, 3; 1975, 
Jl; 389-92. 
Two different programmes which attempted to 
improve water use and management were evolved in Eastern 
India, The improvement was through the installation of 
field channels in existing fldod irrigation projects. The 
channels gave farmers better control over water on each 
field. The analysis highlights the importance of techni-
cally trained people and low cost project designs in 
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making projects viable. The analysis adds support to 
the proposition that India should spend more public 
funds on modest improvements in existing flood irriga-
tion systems and much lesson large new irrigation 
projects, 
POLICY. 
210, MATHUR (Navin). I r r i g a t e d development of 
water resources . Kuriikshetra. 29, 3; 
1980, Nv, 1; 10-3 . 
A most baffl ing problem of water management in 
Ind ia i s the u n d e r - u t i l i s a t i o n of avai lable i r r i g a t i o n 
p o t e n t i a l . One reason for t h i s i s the poor planning of 
p r o j e c t s . Another i s seepage through d i s t r i b u t i o n channels 
and surface evaporation which leads to water logging. The 
a r t i c l e discusses another problem of water management in 
delay in completion of pro jec t s and emphasises the need for 
a na t iona l water pol icy , i n t e r - l i nk ing of r i v e r s , a ssess -
ment of ecological effects of major p ro jec t s before being 
undertaken and measinrfes for conservation of water sheds. 
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211, MOOKERJEA (Debes). Management of water 
resources. Indian J Power and River Valley 
Devel. 23, 9; 1973, Se; 292-7. 
The author discusses the problems of water 
management and the urgency to exploit water resources 
with much more care and attention than done uptil now. 
A rational water policy has to be drawn up and attain-
able strategies fixed. In the future years the water mana-
gers have a special role to play. They will have to deal 
with the environmental aspects of a comprehensive water 
management policy. Water management is becoming complex 
particularly because of the tremendous increase in popu-
lation and the consequent demand for more water, 
212. PATEL (C C), For national water policy. 
Ydana. 21, 19; 1977, Nv, 1; 20-3. 
The article lays emphasis on an integrated 
planning for water in India. This over all planning 
has to be the responsibility of an agency, not connec-
ted with any state. Plans for water development have 
to be basin-wise, taking into consideration the needs 
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of the entire regionvith due regard to the availability of 
water in the adjoining regions. Conjunctive use of 
ground and surface water is necessary. The economics 
of irrigation have to be considered and a reasonable 
intensity of irrigation must be permitted, so that the 
cost of effectiveness of the project is not affected. 
POTATO CROP, HIMACHAL PRADESH, SIMLA HILLS. 
213. SHARMA (R C), GREWAL (J S) and SIKKA (L C). 
Water management for potato crop in Simla 
hills. Indian J Agric Sci. 45, 3; 1975, 
Mr; 116-23. 
There was a pronounced water deficit during 
early phase of growth of the potatoes; excess water was 
the problem in the later stages. The response to water 
harvestilag within the field was negligible in 1972, the 
year of low rainfall, but substantial in 1970 and 1971, 
when there were frequent showers in the pre-monsoon 
period. Supplemental irrigation at low soil moistude 
stress through out the period before the moisture stimu-
lated growth and induced precocity. Irrigation resulted 
in an increase in the size of tubers and the total con-
tents of major nutrients in thon. 
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PUNJAB. 
214. SWAMINATHAN (MS). Efficiency in water 
management. Eastern Econ. 74, 18; 1980, 
My, 2; 884-7. 
The article discusses the irrigation potential 
in India and the most efficient and economical way in 
which it can be utilised. Recent developments in agri-
culture and irrigation research have madeit possible to 
scientifically assess the precise requirement of water at 
different stages of crop growth for optimization of benefit 
from availab!te waters. The quality of water in the rivers 
at the point of storage and whenit flows into the canal 
system should yield maximum benefit to the society. Scien-
tific application of water and its equitable distribution 
in Punjab and Haryana is achieved through the ratioftal water 
supply which is in operation In these states. 
SMALL AND MARGINAL FARMERS. 
215. CHAUHAN(H S) and SEWARAM. Water management for 
small and marginal farms. Productivity. 18, 2; 
1977, Jl-Se; 269-85. 
This paper deals with different aspects of irriga-
tion suitable for adoption by small and marginal farmers 
in the coxmtry for more efficient use of water. Though,in 
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general, the problems encountered by small and marginal 
farmers are similar in nature for some size of sources, 
there are some differences in respect of management and 
scheduling of rrigation according to the type of source 
— a canal, a state tubewell or a private tubewell. In 
this paper management has been discussed starting from the 
source itself. 
SOLAR PHOTOVOLTAIC PUMPING. 
216, BHATTACHARYA (T K), Solarvoltaic water pumping 
and Indian irrigation. Ur.1a. 11, 5; 1982, My; 
271-5. 
A major future possibility in the area of water-
pumping for irrigation purposes is by means of solar photo-
voltaic pumping systems. The article looks into the 
prevailing economics of solar photovoltaic water pijmping. 
It emphasises on a comprehensive plan of action. The 
griticaL, question before the planners is what approach 
shoxild India take in order to tap this inexhaustible 
source of energy for future benefit in Indian agriculture. 
The author suggests a few alternative approaches. 
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STRATEGY. 
217. PATEL (A R), Strategy for effcient utilisation 
of water. Kurukshetra. 29, 17; 1981, Je, 1; 
20-2. 
The author has assessed the irrigation potential 
in India and has defined the causes of under-utilisation 
of this potentisi. He has out-lined the principles and 
practices of management of irrigated areas and has given 
an account of the systems of application ,of irrigation 
water. He has emphasised the need for intensifying research 
work related to water loss, scheduling of irrigation for 
increasing yields, improved irrigation systems for farms, 
and drainage system. 
TAMIL NAEU, METTURDAM. 
218. RAJAPPAN (V). Water management: A new 
approach. Kisan World. 4, 12; 1977, De; 
20-1. 
Water problem has become topical in the day to day 
life of the people of Tamil Nadu. In some districts cul-
tivation almost ceases. The author suggests sufficient 
storage of water in Mettur Dam. In other district under-
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groijnd water has been tapped to such an extent that 
water level has gone down as far as 120-1AO feet. The 
article proposes certain remedies like adoption of 
Sprinkler system of irrigation and where there is consi-
derable rain water shoiild be properly stored. Proper 
selection of crops can also be usefxiL. 
TECHNOLOGY. 
219. RASTOGI (R A) and VINOD KUMAR. Water-management 
technology transfer to farmers. Eastern Econ, 
75, 20; 1980, Nv, 14; 1075-7. 
Water management is one of the tenets of success-
fiil farming. It is of little use if not applied properly. 
There is an imperitive need to educate farmers about proper 
water management technology. They need proper training in 
measurement of irrigation water, scheduling of irrigation 
and improved drainage methods. It will save time and energy 
and will increase jaields. The study includes tables for 
results of proper water management in Paddy and wheat crops 
on farmers' fields. 
204 
FLOW RECORDER. 
220. RAJPUT (T B S), Development and calibration 
of an automatic field water flow recorder. 
Invention Intelligence. 14, 5; 1979, My; 
172-6. 
For efficient water management, it is important 
to acciirately measure and keep a record of the amount of 
water supplied to a crop - a difficult task, particularly 
under the conditions of variable discharge supply, usually 
available on farms. A simple, poftable and automatic field-
water flow recorder, utilising the relationship of change 
of Nappe's projectile through an orifice with the disdharge, 
has solved this problem. 
221. RAJPUT (T B S) and ASHWANI KUMAR. Wheel water 
flow meter for open channels. Invention intel-
ligence. 15, 2; 1980, Fe; 68-72. 
Regulation and measurement of irrigation water 
are important aspects of watet management in irrigated 
agricixLture. But the lack of a handy and cheap flow 
measuring device has been resulting in over application 
of irrigation water in the command areas of the country 
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over the years. The device has been designed to 
monitor i r r igat ion water supply and f l a t - f i e ld 
topogra,phic conditions. 
WEST BENGAL, SUNDERBANS. 
222. RAY (S K), Development of Siniderbans: A 
formidable task. Yo.jana, 24, 9; 1980, 
My, 16; 33-7. 
Sunderbans in West Bengal has many problems 
that are inherent in this deltaic land. Its economy 
principally depends on agriculture but poor yields 
make living difficult for the people. A meagre percen-
tage of cxoltivated land is irrigated. Soils are highly 
saline. The author suggests certain remedies. Lack of 
irrigation facilities and the problem of salinity should 
be tackled through water management. A proper water manage-
ment will permit the growing of high yielding paddy in the 
Kharif season and will facilitate an intensive use i^f the 
land through multiple cropping. 
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POTENTIAL, GANGA-CAUVERY LINK. 
223. VAISHNAVA (T D). Linking Ganga with 
Cauvery. Mainstream. 12, 5; 1973, Se, 29; 
31-3. 
By 2000 AD., India's national eonomy in its 
development and growth will be confined with the problem 
of increasing scarcity of water. In this context, the 
article discusses the proposal to link the Ganges with 
the Cauvery. This will be a positive step towards harness-
ing the siArplus water for the dry parched lands of Western 
and Southern India. 
PROBLEMS. 
224. SEETHARAMAIAH (K). Water problems in India . 
Indian J Power and River Valley Devel. 23, 6; 
1973, J e ; 187-92. 
The a r t i c l e has dea l t with several problems con-
nected with water in Ind ia , l i k e i r r i g a t i o n , floods, so i l 
erosion and sedimentation, and also the ground water and 
i n t e r - s t a t e water problems. Some suggestions have also been 
offered. A nat ional pol icy on water g r id wi l l el iminate a l l 
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inter-state disputes. A large quantity of water that 
is going to the sea \inused by one area could be fruit-
fully utilised. 
QUALITY, UTTAR PRADESH, UNNAO. 
225. GUPTA (R N) and RAM PRASAD. Quality of 
irrigation waters of Unnao district of 
Uttar Pradesh. Indian J Agric Scl. 37, 4; 
1967, Ag; 234. 
The Unnao district is irrigated by wells, tanks 
and canals. Since in most areas there is only a limited 
choice of irrigation water, the cultivators, at present, 
have to make the best use of available groimd-water, 
whatever may be its quality. This district, falling in 
the Gangetic alluvial tract, is a problem land of slaine-
alkali soils. It is necessary to have a critical appraisal 
of its spread and study of irrigation waters applied which 
ultimately contribute to the formation of saline-alkali 
soils. The present investigation was undertaken to study 
the quality of the irrigation waters of this district. 
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REQUIREMENTS, CROPS, LINSEED* 
226. PRASHAR (C R K) and SACHAN (P L). Effect 
of irrigation on growth and yield of linseed. 
Indian J Agric Sci. 37, 5; 1967, Oc; 
398-A03. 
Linseed a crop of barani tracts has low water 
requirements but responds well to irrigation. Heavy 
irrigations are not necessary or desirable • This study 
was carried out during the winter season of 196A-65 to 
study the response of different levels of irrigation and 
manuring on the growth and yield of linseed. Irrigation 
increased the plant height and total dry weight per plant, 
The straw yield was effected to a greater extefat by irri-
gation than the grain yield. 
MAIZE, HARYANA, KARNAL. 
227. GIRDHAR (K), YADAV (J S P) and RAJPUT (R K). 
Irrigation requirements of maize growth under 
fluctuating high water table conditions, 
Indian J Agric Sci^ 45, 1; 1975, Ja; 38-43. 
SuppleMental irrigation needs of maize were 
determined during the crop seasons of 1972 and 1973 
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i n a f i e l d experiment , a t Karna l , on a s i l t y loam 
s o i l , where f l u c t u a t i n g h igh w a t e r - t a b l e c o n d i t i o n s , 
t y p i c a l of t h e Indo-Ganget ic p l a i n , occur dur ing the 
monsoon. The r e s u l t s r e v e a l e d t h a t g r a i n y i e l d of maize 
could be improved wi th t h e two supplemental i r r i g a t i o n s 
dxoring t h e prolonged r a i n l e s s p e r i o d corresponding to 
t h e a t h e s i s and g r a m - f i l l i n g s t ages when the water-
t a b l e a l s o remained deeper than 1,65 m and t h e r e was 
5096 d e p l e t i o n of t h e a v a i l a b l e s o i l mois tu re a t a s o i l 
depth of 0-30 cm. 
PULSES, UTTAR PRADESH. 
228 . GfUPTA (Nira j Kumar) and TANEJA (K L ) . 
Impact of i r r i g a t i o n on c u l t i v a t i o n of pij lses 
i n U .P . Eas te rn Econ. 73 , 26; 1979, De, 
28 ; 1280-1 . 
The c i J l t i v a t i o n of p u l s e s has s u f f e r e d by the 
advent of h igh y i e l d i n g v a r i e t i e s of c e r e a l s and wi th 
t h e ex t ens ion of i r r i g a t i o n f a c i l i t i e s . This i s because 
under i r r i g a t e d c o n d i t i o n s t h e p r o f i t a b i l i t y of c e r e a l s 
i s g r e a t e r than t h a t of p u l s e s . According to the au thors 
p u l s e crops do no t respond to i r r i g a t i o n and a s s o c i a t e d 
i n - p u t s as c e r e a l s do. 
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RADISH. 
229. PATEL (A S) and DASTANE (N G). Effects of 
layout irrigation frequency and of irrigation 
salinity on radish, Indian J Agric Sci, 39, 7; 
1969, Jl; 706-12. 
The surveys of gro\md-waters indicate that all 
waters are not good and that they do contain consider-
able quantities of salt. Purification of such waters 
for irrigation purposes is not economical because of 
costly techniques involved, so the task is impracticable 
not only in Ihdia but in other technologically advanced 
countries also. The problem is to utilise available water 
for profitable and productive purposes. Investigations 
were undertaken to study the magnitude of the effect of 
graded levels of water salinity \ander different layouts 
as well as irrigation frequencies on radish. 
RICE. 
230, BOSE (Samar). Irrigation factor and yield 
variability in rice growing districts of 
Eastern India. Econ Studies, 9, 2; I968, 
Ag; 157-67. 
Irrigation system in India is widely extended. 
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But in view of the requirements of crops, especially-
paddy, which is a wet crop the existing availabilities 
are not sufficient. In recent years more attention has 
been given on the study of water requirements of paddy 
and irrigation as a factor of yield variability of rice. 
In this article, water requirements for rice, and effect 
of leng^ th of maturation period on water requirement of 
paddy have been discussed. Emphasis has been given to 
developed type of irrigation facilities to supplement 
rainfall deficiency. The slow progress of expansion of 
irrigation has held up the progress of agriciilture. The 
per acre production of rice is not satisfactory in India, 
It can be increased to a considerable extent by regtilar 
flow of irrigational water. 
231. SEN (P K) and DASGUPTA (D K). Studies in 
water relations of rice: Effect of varying 
water regimes on the growth of main shoot in 
Indica rice. Indian J Agric Sci, 40, 8; 
1970, Ag; 746-55. 
Rice varieties perform best with the differential 
supply of water at different stages of growth and deve-. 
lopment. It 
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may be assumed that the effect of varying water 
regimes on the growth of different rice varieties 
under different seasons would similarly he reflected 
on the growth of the main shoot and its constituent 
internodes. This study was undertaken to test this 
hypothesis. A linear function between the relative 
growth rate and the internede number was observed. 
232. SEN (P K) and DATTA (S K). Studies in water 
relations of rice. Indian J Agrle Sci, 37, 5; 
1967, Oc; 369-89. 
This paper deals with the results of a series 
of experiments conducted for three consecutive years, on 
the effect of varying water regions on the gro#th and 
yield of certain popular rice varieties having low, medium 
and high water requirements. The rice varieties belong to 
the three seasonal groups - spring (boro), autumn (aus) 
and winter (aman). 
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WHEAT VARIETY, LERMA ROJO. 
233. MISRA (R D), SHARMA (K C), WRIGHT (Bill C) 
and SINGH (V P). Critical states in irriga-
tion and irrigation requirement of wheat 
variety 'Lerma Rojo'. Indian J Agric Sci, 
39, 9; 1969, Se; 898-
This article deals with an experiment, conducted 
to determine the effect on yield of soil moisture stress 
or adequacy at different physiological stages of growth 
and also to determine the optimum number of irrigations 
required with treatment ranging from low to excessive 
irrigation that is under conditions of intensive and 
extensive irrigation, 
WEST BENGAL. 
234. GUPTA (S R) and DARGAN (K S). Water and 
fertiliser requirements of tall wheat in West 
Bengal. Indian J Agric Sci, AO, 8; 1970, 
Ag; 720-9. 
The cultivation of wheat on large scale has been 
started only recently in Gangetic West Bengal. As proper 
water management and judicious application of fertilisers 
are the most important agronomic factors responsible for 
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increased production, studies on these aspects were 
taken up on wheat, which is being grown in rotation 
with jute at Barrackpore. The article gives the optimum 
water requirement,consumptive use, and the daily rate of 
water use. 
RESOURCES, ASSESSMENT, PUNJAB. 
235. KAVITA PREM. Irrigation in the service of 
agriciilture. Advance, 28, 6; 1979, Jl-Se; 
37-9. 
The article deals with agricultural advancement 
in Punjab and the role irrigation has played in bring-
ing about the Green revolution. But there is demand for 
more irrigation facilities and the author, briefly survey-
ing the different sources of irrigation, assesses whether 
Punjab has exhausted all the natural water resources and 
whether further increase in irrigation has reached the 
peak. 
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DEVELOPMENT. 
236. BALESHWAR NATH. Irrigation. Yojana. 
9, 25; 1965, De, 19;; 10-2. 
The author believes that irrigation development 
in India in the past had mostly taken place as a measure 
of drought relief. Famines fathered the idea of artificial 
irrigation. With the population swelling rapidly, irriga-
tion has now to have a newpurpos-e—increased agricultural 
production. There is a considerable scope for further deve-
lopment of irrigation potential. The author lays emphasis 
not only on surface water resources, but also on developing 
ground-water resources in alluvial tracts. 
237. VARMA (C V J). Strategy for irrigation 
development. Irrigation and Power, 34, k; 
1977, Oc; 421-2. 
The proposed strategy for agricultural develop-
ment of the country has high-lighted the fact that increa-
sed agricultioral production in future has to be achieved 
more by increasing the productivity per unit of cropped 
area than by any large scale increase in the cropped area. 
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The two fundamental components of the strategy for 
increasing productivity are provision of assured 
irrigation water to the fields and supply of fertilisers. 
Irrigation is a state subject. By providing both financial 
and technical assistance to the states, the centre is fos-
tering accelerated irrigation development. There should be 
proper technical formulations of the pl-ans, the monitoring 
of their implementation and the efficient management and 
operation of the irrigation systems. 
5-YEAR PLANS. 
238. REDDY (V Meera). Irrigation: Main source of 
agricultural development, Econ Studies, 7, 12; 
1967, Je; 69A-70I. 
The article deals with the importance of irrigation 
in increasing agricultural productivity. Irrigation faci-
lities tend to help in double and triple cropping. In this 
context, in the article, availability and use of water 
resources and irrigation in the Five Year Plans has been 
discussed with detailed descriptions of major, medium and 
minor schemes. 
217 
GUJARAT. 
239. PATHAK (Mahesh T). Constraints of irrigation 
and credit. Commerce. 139, 3577, 1979, 
Annual Number; 171-7. 
The article notes the important characterstics 
of the agricultural economy of Gujarat. It notes that 
the irrigation facilities available to the state have 
been limited. There have been marked varieties in agri-
cultural production caused by famines and floods. One 
of the major problems of the Eighties relates to the 
irrigation constraint . Realising the importance, the 
government had assigned a high priority for increasing 
irrigation potential during the Seventies. The most impor-
tant challenge for the government -will be with regard 
to the implementation of Narmada Project. 
HARYANA. 
240. SHARMA (N N). Haryana, where progress 
barkens a t every s t e p . Kiirukshetra, 24, 22; 
1976, Ag, 16; 26-43. 
The a r t i c l e deals with the ag r i cu l tu ra l develop-
ment of Haryana, spec ia l ly with the a l l - o u t effor ts the 
government has made to make water a v a i l a b l e . The a l l u v i a l 
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s o i l s except in the South-western p a r t s , are ideal for 
crop r a i s i n g . There has been stream-l ining and re-modeHing 
of canal systems and s e t t i n g up of a long chain of tube-
wells along the canals to pump the seepage water back into 
the canal system. Areas inaccessible to canal water 
were covered by mechanical l i f t s . The a r t i c l e describes the 
usefulness of the Ju i Canal in d e t a i l , 
PLAN. 
241. PATEL (C C). Irrigation strategy. Bhagirath> 
25, 1; 1978, Ja; 1-2. 
Extension of irrigation facilities is the only 
means to provide multiple cropping and diversification 
of the traditional cropping patterns since there are 
hardly any possibilities to bringing additional area 
under plough. Irrigation consumes more than 909^  of the 
water being presently used and hence the irrigation plan 
is nothing but short of the water resources development 
plan of the country. There are large imbalances with regard 
to iri^ igation development from state to state and also 
within the states. 
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DRY AREAS, MAHARASHTRA. 
242. SHAH (Viren J ) . Neglec ted i r r i g a t i o n and 
a g r i c u l t v i r e . Commerce, 129, 330; 1974, 
Ag, 10; 73 -8 . 
Success fu l ag r i cx i l tu re r e q u i r e s a s u i t a b l e 
combinat ion of s u n - s h i n e , s o i l and w a t e r . The absence 
or inadequacy of one of t h e s e can r e s u l t i n poor growth 
of p l a n t s and s c a r c i t y of food. Maharashtra has been 
one of the main t a r g e t s of d rough t s . The only way to 
remedy t h i s i s to p rov ide f a c i l i t i e s fo r i r r i g a t i n g the 
dry a r e a s . This r e q u i r e s t h e p resence of water s o u r c e s . 
The author d i scus ses t h e d i f f e r e n t methods of i r r i g a t i o n 
t h a t a r e s u i t a b l e for t h e dry a reas and the problems in 
u t i l i s i n g d i f f e r e n t r i v e r s i n the r e g i o n . The Barve Commi-
s s ion has sugges ted t h a t every s t e p should be taken to 
en r idh ground water r e s o u r c e s and t h a t a survey should be 
conducted of the \jnder-ground water r e s o u r c e s of the whole 
s t a t e . 
EXPLOITATION, CENTRAL WATER & POWER COMMISSION, 
2 4 3 . MURTHY (Y K) . Organ iza t ion to meet cha l l eng ing 
t a s k s i n water r e s o i r c e s development. Ind ian 
J Power and River Valley Devel, 20, 3; 1970, 
Mr; 145-6 . 
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In o rde r to meet t h e growing demand of the f a s t 
i n c r e a s i n g popialat ion, i t i s n a t u r a l to a c c e l e r a t e and 
c o n c e n t r a t e a l l e f f o r t s to e x p l o i t t h e water r e s o u r c e s . 
The Cent ra l Water and Power Commission has a major r o l e 
to p l a y in t h i s v e n t u r e . The a r t i c l e a t t emp t s to g ive 
b r i e f l y t h e r o l e of t h e o r g a n i s a t i o n in t h e f i r s t t h r e e 
p l a n s , t h e s h o r t comings, f u t u r e programme of developmaat, 
t h e l a t e s t techniques t h a t have been a p p l i e d in water 
r e s o u r c e s management. 
INTEGRATED DEVELOPMENT. 
244. VENKATARAMAN (R) . I n t e g r a t e d u t i l i s a t i o n of 
water and power r e s o u r c e s . AICC Econ Rev, 
19, 11-13; 1968, J a , 10; 5 2 - 3 . 
The author emphas i ses tha t for t h e optimum and 
economic e x p l o i t a t i o n of water r e s o u r c e s an I n t e g r a t e d 
development of t h e whole r i v e r b a s i n i s n e c e s s a r y . For 
t h i s pu rpose , i n t e r - s t a t e coopera t ion i s e s s e n t i a l . Both 
s u r f a c e and ground-water r e s o u r c e s a v a i l a b l e in an a r ea 
have t o be viewed t o g e t h e r and t r e a t e d as supplementary 
t o each o t h e r . In some cases t h e most s u i t a b l e s i t e for 
h a r n e s s i n g wafer r e s o u r c e s of a r i v e r may l i e in one s t a t e 
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and the one recieving benefits in another. Likewise 
it may be advantageoiis to divert waters from one basin 
to the other. 
INVESTMENT, TECHNIQUES. 
245. ROGERS (Peter), Systens analysis for 
regional water resource planning. Indian 
J Reg. Scl, 2, 2; 1970, Jl; 99-118. 
The paper relates systems analysis techniques 
to problems faced by the regional rather than the project 
planner. The paper focusses on the use of the systems 
analysis techniques for making investments in the water 
resource sector at a regional scale, and discusses methods 
which may be appropriate to guiding investment in this 
sector at the regional or national level. 
MANAGEMENT. 
246. VENKATA REDDY (M), Water use and management: 
Illustration from a Command area. Producti-
vity. 23, 1; 1982, Ap-Je; 61-8. 
The benefitsof irrigation would be determined, 
to a larger extent, by the judicious use of water for 
crops. In order to avoid deleterious effects of 
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irrigation and increase its positive gains, a host of 
other activities wo\iLd have to be initiated simioltaneously 
with construction of canals. They include systematic land 
development, scientific water management, suitable crop-
patterns, timely and adequate input supply, and motivating 
farmers to take to irrigataiagriculture while agricultural 
development is important, the need for equitable distri-
bution of irrigation benefits calls for problem specific, ega 
litarian, development strategy. 
247. VOHRA (B B). Managing India's land and water 
resources. Bhagiratht 25, 4; 1978, Oc-De; 
160-5. 
The visible deforestation of the Himalayas, the 
growing denudation (Ss the water sheds and the frequency 
of floods in India are evidence of the way mismanagement 
of land and water resources have been going on. The article 
specifies the losses incurred as a result of this mismanage-
ment, particularly the incalculable loss of ground-water. 
Immediate steps, that should be taken to over-come the 
losses, have been suggested. Recognition of the soil, rather 
than water as the basio natural resource will also help to 
correct the present bias for gigantic engineering projects 
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as the answer to I nd i a ' s problems in the f i e ld of 
land and water management. The author bel ieves that 
t h i s i s a b ias for which India i s already paying hea-
v i ly in the shape of cost ly i r r i g a t i o n p r o j e c t s , 
BASIN-WISE. 
248. NAEGAMVALA (J P ) , Concept of water resources 
development. Indian J of P and River Valley 
Devel, 23, 1; 1975, Ja ; 6-12. 
The a r t i c l e hasdiscussed I n d i a ' s water resources 
giving basin-wise water resoura a v a i l a b i l i t y and deve-
lopment through a t a b l e . I t has reviewed the region-wise 
development dealing with future p o s s i b i l i t i e s . I t has 
brought out basin-wise requirements and corresponding 
technological needs and has deal t with water management 
problems. The a r t i c l e has been concluded with the view 
tha t I n d i a ' s natural water resource i s un-evenly d i s t r i -
buted. Basin-wise, s t ud i e s , reckoning population grovth 
bring out the urgent need to i n i t i a l ac t ion on achieving 
a b e t t e r d i s t r ibu t ion through technological means such as 
i n t e r -bas in t r ans f e r s , conjunctive use of surface and 
ground-waters with p r i o r i t i e s in individual reg ions . 
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PLANNED OBJECTIVES & BUDGETING SYSTEMS. 
2 4 9 . SHIVA RAMJ ( S ) , Planning-programming-budgeting 
system for water resoi j rces p lann ing in I n d i a . 
B h a g l r a t h . 26, 3 ; 1979, J l - S e ; 9 1 - 7 . 
In t h i s a r t i c l e an a t tempt i s made to show the 
advantages of in t roduc ing planning-programming-budget ing 
system fo r water r e s o u r c e s p lanning in I n d i a . The f i r s t 
s e c t i o n d e s c r i b e s the p r e s e n t p o t e n t i a l and u t i l i s a t i o n 
of water r e s o u r c e s . I t a l s o p r o v i d e s , t h e planned ob j ec -
t i v e s and achievements i n r e s p e c t of wa te r r e s o u r c e s a c t i -
v i t i e s . The second, d e s c r i b e s the p r e s e n t budget ing 
system, 
PLANNING. 
250 . BANERJI (S ) . Balanced use of oui^ water r e s o u r c e s , 
Yo.iana. 1 1 , 1 1 ; I967 , J e , 1 1 ; 2 - 5 . 
The a r t i c l e d e a l s wi th r a i n f a l l and r i v e r s as I n d i a ' s 
major source of wa te r . These two and s u b s o i l waters c o n s t i t u t e 
one complete h y d r o l o g l c a l c y c l e . Dams and r e s e r v o i r s , somtimes 
u p s e t t h i s ba lance of n a t u r e and cause havoc . Regions with low 
r a i n f a l l and more than 20% v a r i a b i l i t y r e q u i r e i r r i g a t i o n 
f a c i l i t i e s . In r a i n y p l a c e s , dur ing t imes of heavy r a i n f a l l 
x') dZi) 
channels could be cut to spill the excess water into areas 
of low rainfall. This water replenishes the ground water 
of those areas. Irrigation planning the agricultural purposes, 
the crop pattern and soil characters tics should be so coordi-
nated that water is used to its maximum benefit, 
INTEGRATED, DROUGH-PRONE AREAS. 
251. KATHURIA (KG), Irrigation in draught prohe areas, 
Kurukshetra. 25, 23; 1977, Se, 16; 5-9. 
Importance of proper development and management of 
water resources in arid regions can not be overemphasised. 
Governments' policy inilie matter hasbeen to maximise the 
irrigated area so as to benefit a large section of the com-
munity, including weaker elements, as possible. How this 
objective is sought to be achieved by integrated planning 
is explained in this article & also ways and means for the 
optimum exploitation of the available potential by farmers in 
such areas, 
SYSTEM PLAMNING APPROACH. 
252, SINGHAL (M K), Basic concept in system planning 
of water resources, Indian J Power and River 
Valley Devel. 23, 2; 1973, Fe; 36. 
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In t h i s paper , an a t tempt i s made to t r a c e the 
development of system p lann ing approach and i t s use i s 
i l l u s t r a t e d by formula t ing a s i m p l i f i e d mathematical model 
fo r h y p o t h e t i c a l p lanning of a s t o r a g e p r o j e c t . The v a r i a b l e s 
i n a water r e sou rce system may be many s i n c e i t can be c r e a t e d 
through many d i f f e r e n t combinations of system u n i t s l i k e r e s e r -
v o i r c a p a b i l i t i e s , power p l a n t s , c a n a l s , ground-water pumpage; 
t h e i r l e v e l s of development and of o u t p u t s and a l l o c a t i o n of 
t h e capac i t y of the u n i t s to va r ious purposes ( fo r example 
i r r g a t i o n ) which a r e p a r t l y compatible and p a r t l y c o n f l i c t i n g . 
TAMIL NADU, COIMBATORE. 
253 . SIVANAPPAN (R K). Water r e souces of Coiffibatore 
d i s t r i c t . Kisan World. 4, 10; 1977, Oc; 9 -12 . 
The a r t i c l e dea l s with the sho r t age of water r e s o u r c e s 
in Coimbatore, which i s t h e main f a c t o r l i m i t i n g p o s s i b i l i t i e s 
of f u r t h e r development. The r a i n f a l l i s t h e lowes t in the s t a t e ; 
t h e topography unfavourable for ground-water . The water t a b l e 
i s d e p l e t i n g very f a s t , T h e a d d i t i o n a l demand for water has a l so 
to be met with only from ground-water , bu t t he cos t of water 
and the r a t e of d e p l e t i o n of water t a b l e a r e the l i m i t i n g 
f a c t o r s . There fore , a l t e r n a t i v e s a r e to be found out for which 
some sugges t ions have been made. 
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UTILIZATION, ANDHRA PRADESH, CASE STUDY. 
254 . NAIHJ ( P Devasena) . Growth r a t e s of i r r i g a t i o n : 
A case study of Andhra Pradesh and Karnataka . 
Southern Econ, 20, 2 3 ; 1982, Ap, 1; 17 -9 . 
As the c o i m t r i e s of t h e Third world face the problem 
posed by h igh r a t e s of p o p u l a t i o n growth , they a re r e a l i s -
ing the importance of i n t e n s i f i e d a g r i c u l t u r a l product ion 
through out t h e use of modem inpu t s and ex tens ion of the 
i r r i g a t e d a r e a . The case s tudy of the two Southern s t a t e s , 
made in t h i s a r t i c l e , r e v e a l t h a t t h e e f f o r t s made by them 
to e x p l o i t t h e i r water r e s o u r c e s a re f a r from adequa te . Tables 
a re given which i n d i c a t e t r e n d s in a r ea i r r i g a t e d by v a r i o u s 
so \ i rces , n e t a rea i r r i g a t e d to n e t a r ea sown and d i s t r i b u t i o n 
of l a n d ho ld ing by i r r i g a t i o n in 1970-71 . 
KERALA, PALGHAT. 
2 5 5 . FRANKEL ( F r a n c i n e ) . P a l g h a t : A g r i c u l t u r a l 
moderniza t ion and s o c i a l change. I I I . 
Mainstream^ 8 , 17 ; I969 , De, 27 ; 27 -33 . 
This s tudy of t h e impact of hew s t r a t e g y ' in 
a g r i c u l t u r e on t h e socio-economic r e l a t i o n s in the count ry-
s i d e , covers some t y p i c a l wheat and r i c e growing d i s t r i c t s 
which have been brought \jnder the I n t e n s i v e A g r i c u l t u r a l 
Development Programme. One of t h e s e i s P a l g h a t . Asin o t h e r 
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Darts of the rice belt, the indifferent perforrv.nce of 
Palghat is intimately connected with the problem of 
water. Here the main obstacle is not inadenuate supply-
but inefficient utilisation of available reso^ irces of 
water for irrigation, 
METHODS. 
256. LAL (R B), BAINS (S S) and RAY (S). Effect of 
methods of i r r i g a t i o n on the y ie ld and lyater use 
of d i f ferent crops under different croiDpin?^ systems. 
Indian J Agrlc Sc i , 45, 9; 1975, Se; 410-21. 
An experiment consis t ing of 4 cropping in t ens i t i o s 
with three methods of i r r i g a t i o n was conducted on a sandy 
loam, non-sa l ine , well drained s o i l . Check basir and furrov 
methods of i r r i g a t i o n produced s ign i f i can t ly more annual 
y i e ld , annual net p ro f i t per hectare and net re turn per 
rupee investment than i r r i g a t i o n in a l t e r n a t i v e furrov/s. 
The values of both seasonal and daily consumptive use 
were maximum under check-basin i r r i g a t i o n , followed by 
furrow and a l t e rna t ive furrow i r r i g a t i o n s . ¥a te r use index, 
i r r i g a t i o n requirement and water reauirement v/ere m.aximum 
undercheck-basin method of i r r i g a t i o n . Efficiency of 
i r r i g a t i o n appl icat ion proved to be the highest in a l t e r -
nat ive furrow i r r i g a t i o n . 
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257. RATH (B D). Operating irrigation system 
for optimum results. Kurukshetra, 26, 24; 
1978, Se, 16; 43-4. 
For optimal utilisation of available water for 
irrigation, it is necessary that the complete system 
is kept in proper repairs. For its proper utilisation 
at the out let head, it is necessary that there is comp-
lete network of field channels in the area commanded by 1he 
out let. For its equitable distribution among the CTJlti-
vators in the command of an outlet, osrabandies shoiold 
be made in which share of time over a period of one week 
is fixed in proportion to the holdings, 
PROBLEMS. 
258. SIKKA (S M). Water u t ^ i s a t i o n for be t t e r 
crop production. Farmer and Parl iament, 
11 , 9; 1967, Se; 5-6, 12. 
The i r r i g a t i o n po ten t i a l has not made i t s fu l l 
impact on increasing agricultxiral production. The reasons 
for th i s s i t ua t i on have been assessed in the Ministry of 
Food and Agricul ture . Some factors have l a rge ly stood in 
the way of i r r i g a t i o n making i t s fu l l impact on stepping 
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up of agricultural production. The author discusses 
them in this article. He suggests that the protective 
type of irrigation in vogue shall have to give place 
to more instensive irrigation by reducing the command 
area of new irrigation projects that might be established 
in the future and by other improvements, 
UTTAR PRADESH, DEHRADUN, SUSWA VALLEY. 
259. SAXENA (P B), Water resources and potential 
utilisation programme in the Suswa Valley, 
Dehra Dun, Garhwal, Himalaya, Indian J Reg 
Sci. 6, 1; 1974; 39-45. 
The article gives a concise, geographical, 
climatological and hydrological description of Suswa 
Valley. The latter part deals with the utilisable water 
from r\in off, through canals and the six canal commandant 
divisions of the valley. In conclusion, it states that 
there are many factors which do not favour the construc-
tion of dams in the valley for optimal water utilisation. 
SALINITY, BARLEY. 
260 . PATEL ( A S ) and DASTANE (N G). Ef fec t of l a y o u t , 
i r r i g a t i o n frequency and l e v e l s of i r r i g a t i o n 
s a l i n i t y of B a r l e y . Ind ian J Agric S c i . 39, 6; 
1969, J e ; 506-14, 
Though s a l t i s an i n h e r e n t c o n s t i t u e n t of i r r i g a -
t i o n wa te r , pub l i shed da ta on the e f f e c t of water s a l i -
n i t y i s s c a n t y , as compared to those on s o i l , s o i l s a l i -
n i t y on crop growth. I n v e s t i g a t i o n s were t h e r e f o r e under -
taken to study the magn i t i tude of t h e e f f e c t of d i f f e r e n t 
l e v e l s of water s a l i n i t y under t h e d i f f e r e n t l a y o u t s as 
we l l as i r r i g a t i o n f r equenc ie s on b a r l e y , 
WATERSHED DEVELOPMENT, DROUGHT PRONE AREAS, 
PROGRAMME, 
261, JAISWAL (N K). Development of drought-prone 
a r e a s . KuriAshetra, 28, 21 ; 1980, Ag, 1; 
25-33. 
The drought-prone areas programme aimed at creat ion 
of dLurable asse ts which would help in mit igat ing the effects 
of drought in these a reas . In fulfi lment of th i s objec t ive , 
an i r r i g a t i o n po ten t ia l of about 2 .3 lakh hectares was 
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created through minor irrigation works. The article 
analyses, the progress of the programme. In DPAP, 
planning and implementation was supposed to be on 
watershed basis. The major objective of the DPAP was 
to make investment in the selected watershed which would 
help in long-term restoration of the ecological balance. 
But there was no attempt at integrated watershed develop-
ment. 
MANAGEMENT. 
262. SHARMA (S C) and HOOJA (Rakesh). Watershed 
management and peoples' participation. Kuruk-
shetra. 29, 8; 1981, Ja, 16; 7-10. 
Some objectives of land development planning in 
watersheds coiiLd be conservation of moisture in rainfed 
areas for optimal production, collection of surplus run-
off in farm ponds and its recycling for crop use, and to 
recharge governed water or increase the water table in 
the wells. The population is directly or indirectly affec-
ted by what happens in the watershed. A watershed manage-
ment programme should aim at total development, optimal 
utilisation of natural and human resources. The presently 
scattered programme of minor irrigation, soil conservation 
etc. should be well-knit into the watershed projects. 
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PLANNING. 
263. KATHURIA (K C). Watershed planning for optimum 
utilization of water, Kurukshetra« 26, 21; 
1978, Ag, 1; 18-21. 
The article describes the causes which have led 
to watershed deterioration and the efforts now being made 
towards watershed planning aiming at increasing over all 
agricultural production with minimum hazard to natural 
resources. It discusses the general principles of water 
management which include the method of application of 
water, study of water rates, water distribution system, and 
the cropping pattern. 
DROUGHT PRONE AREA, ^''AKARAST'TRA, SHOLAPUR. 
264. JAISVAL (N K) and PURANDARE (A P). Planning 
and management of watershed in Sholapur dist-
rict. J of Rural Devel. 1, 5; 1982, Se; 
661-705. 
The objectives of this study are to study the 
process of planning and management of watershed deve-
lopment programme, to understand the practical problems 
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in planning and implementation of Drought Prone Areas 
Programme through vrtiater shed approach; to study the 
impact of watershed approach with reference to the objec-
tives of DPAP and to suggest suitable strategy for plann-
ing and implementation of watershed development elsewhere. 
SUPPLY, ADMINISTRATION. 
265. WADE (Robert). Water supioly as an intrument 
of agricultural policy: A case study. Econ & 
Pol Wklv. 1978, Mr, 25; A 9-13. 
In the early years of irrigation projects, when 
water is abundant, farmers in the upper reaches adopt 
crops and irrigation techniques which use water extra-
vagantly. As the canal network is extended and the available 
water has to be spared over a larger area the head reach 
farmers mount resistance to reduction of their supply. 
This paper describes the administrative effort 
that was needed to prevent paddy being raised in irriga-
ted dry blocks and on land which was not entitled to 
irrigate at all on the Tungabhadra high level canal in 
Southern A.P. 
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SUPPLY SCHEDOLE, WHEAT YIELDS, DELHI. 
266 . MINHAS (B S ) , PARIKH (K S) and SRINIVASAN (T N) . 
Towards a s t r u c t u r e of a p roduc t i on func t ion 
fo r wheat y i e l d s with dated i n p u t s of i r r i g a t i o n 
w a t e r . Water Resour Res . 10, 3 ; 1974, J e ; 
383-93 . 
The in te r -dependence between t h e r a t e of water 
used by t h e p l a n t s and the a v a i l a b l e s t o c k s of mois ture 
i n t h e s o i l , t h e temporal in t e r -dependence between water use 
a t tune p o i n t s , and the consequences of t h e s e i n t e r - d e p e n -
dences have no t g e n e r a l l y been ana lysed . I t ana lyses 
u n i f i e d framework for t h e a n a l y s i s of opt imal use of i r r i -
g a t i o n w a t e r . The e s t ima ted time p r o f i l e s of consumptive 
use have been used t o determine the r e l a t i o n s h i p between 
wheat y i e l d s and dated i n p u t s of water i n D e l h i . 
USE EFFICIENCY, IMPLEMENTS, EFFECT, RICE FIELDS. 
267. TYAGI, N K), ACHARYA (N) and MOHANTY (P C). 
E f f ec t of puddl ing implements on p e r c o l a t i o n 
l o s s e s and water use e f f i c i ency in r i c e f i e l d . 
I nd i an J Agric S c i . 45, 5 ; 1975, Mr; 132 -5 . 
F i e l d experiments were conducted to s tudy the 
e f f e c t of d i f f e r e n t puddHng implements on t h e p e r c o l a t i o n 
23S 
l o s s e s and -water-use e f f i c i e n c y In t h e r i c e f i e l d . 
Implements used were l o c a l p lough, mould-board plough, 
d i s c -ha r row , p o w e r - t i l l e r . The e f f i c i e n c y of puddling 
implements was judged in terms of p e r c o l a t i o n l o s s e s , 
w a t e r - u s e e f f i c i ency and c o s t of p u d d l i n g , 
WEATHER BASED, SCHEDULING, LYSIMETRIC STUDY, KHARIF 
MAIZE, PUNJAB, LUDHIANA, 
2 6 8 . VENKATARAMAN ( S ) , Lys ime t r i c s tudy a t 
Ludhiana fo r weather based i r r i g a t i o n sche-
dioling for Kharif m a i z e - v a r i e t y V i j ay . 
Mausam. 32, 3 ; 1981, J l ; 273-6 , 
The seasonal march of e v a p o t r a n s p i r a t i o n (ET) 
of Kharif maize, i n r e l a t i o n to pan evapora t ion (EP), 
r a i n f a l l and i r r i g a t i o n a t Ludhiana in 1977 and 1978 a re 
p r e s e n t e d . The quantum of e a s i l y a v a i l a b l e f i e l d mois ture 
f o r p o t e n t i a l ET i s seem to be 12 cm. The crop shows phy-
s i o l o g i c a l senescence abp«%--flfteen days from h a r v e s t . 
Peak consumption i s frybm f i f t h to t w e l f t h week a f t e r 
sowing and t h e peak r a t e i s 1,5 t imes t h a t of EP. An 
i r r i g a t i o n schedule based on evaporimetry i s i n d i c a t e d . 
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